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Executive  Summary 


There  were  two  major  objectives  for  this  study:   to  develop  a  database  of  technical,  financial 
and  cost  information  about  water  pollution  control  technologies  applicable  to  the  nine 
industrial  sectors  which  fall  under  the  MISA;  and  to  develop  abatement  cost  functions  useful 
for  policy  analysis  and  for  costing  specific  abatement  strategies. 

Information  Database 

A  database  on  each  of  the  industrial  sectors  covered  by  MISA  was  developed.  The 
information  collected  included  data  about  the  key  contaminants  within  each  sector,  application 
and  costs  of  abatement  technologies  and,  where  possible,  the  identification  of  current  and 
potential  production  processes  effective  in  water  pollution  abatement.   Information  was 
collected,  where  possible,  identifying  potential  inter-media  transfers  of  contaminant  waste  and 
opportunities  for  material  recovery  and  cost  savings  for  abatement  technologies.  The  database 
and  information  gathered  was  used  to  create  a  framework  for  estimating  the  cost  of  the 
abatement  technologies  and  the  abatement  strategies  for  plants  of  various  sizes  for  each 
industrial  sector  examined  in  the  study. 

Contaminants 

The  major  contaminants  generated  by  each  sector  were  identified  and,  where  possible,  specific 
plant  contaminant  concentration  data  were  gathered. 

Abatement  Technologies 

Of  specific  interest  to  this  study  was  the  gathering  of  data  about  the  effectiveness  and  the 

applicability  of  specific  abatement  technologies  to  wastewater  streams  in  each  sector. 

A  total  of  19  abatement  technologies  were  identified.   These  technologies  do  not  constitute  a 

comprehensive  list  of  all  possible  technologies  but  are  representative  of  the  types  of 

technologies  that  could  be  applied.   The  list  of  technologies  can  be  expanded  within  the 

database  as  more  information  becomes  available. 

Information  on  the  removal  efficiency  of  each  of  these  abatement  technologies  for  a  range  of 
contaminants  was  also  collected.   The  data  are  useful  in  determining  the  effectiveness  of 
different  technologies  and  combinations  of  technologies  when  applied  to  the  reduction  of 
specific  contaminants. 
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Where  possible,  the  present  use  of  the  abatement  technologies  in  each  industrial  sector  was 
evaluated.   In  addition,  information  regarding  the  reliability,  installation  time  for  retrofitting, 
operating  life  and  the  scale  of  systems  available  were  gathered.   The  information  determined 
which  technologies  are  applicable  within  a  sector.   The  information  collected  for  each 
abatement  technology  should  be  reviewed  and  updated  periodically. 


Abatement  Technology  Costs 

For  each  abatement  technology  detailed  capital  and  annual  operating  cost  estimates  were 
made.   The  data  were  used  to  develop  abatement  cost  functions  applicable  to  both  generalized 
and  specific  wastewater  flows  from  plants  in  each  industrial  sector.   These  data  also  may  be 
updated  as  more  and  better  data  become  available. 

Cost  Functions 

Abatement  cost  functions  were  developed.   These  cost  functions  estinnate  the  total  capital 
cost,  annual  operating  cost  and  total  annualized  cost  of  abatement  technologies  and  treatment 
plans  for  specific  plants  in  each  industry  sector.   The  estimation  of  representative  and  specific 
plant  costs  was  undertaken.   The  purpose  of  providing  preliminary  cost  estimates  was  to 
illustrate  the  capabilities  of  the  database.  Improved  economic  estimates  will  be  possible  as 
better  information  regarding  specific  plant  operating  characteristics  and  contaminant  loading 
and  abatement  technology  becomes  available. 

Treatment  Plans 

The  compatibility  and  complementarity  between  the  abatement  technologies  was  examined. 
The  information  jsermitted  various  technologies  to  be  combined  into  comprehensive  treatment 
plans  which  are  used  to  estimate  the  abatement  strategies.  Treatment  plan  costs  are  estimated 
for  a  range  of  representative  and  specific  plants.  Although  some  of  these  treatment  plan  costs 
are  based  on  specific  plant  information,  these  treatment  plan  costs  are  not  intended  to  provide 
an  accurate  estimate  of  abatement  costs  for  specific  plants. 

Abatement  Strategies 

An  objective  of  the  study  was  to  create  an  economic  model  to  investigate  a  number  of 
possible  abatement  strategies  under  MISA. 

Four  abatement  strategies  have  been  selected  by  the-Ministiy  for  this  study: 

•  Least  Cost  Strategy  -  adoption  of  the  lowest  cost  abatement  treatment  plan  by  plant 

and  sector  to  achieve  a  specified  target  of  contaminant  reduction. 
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•  Minimum  Technically  Achievable  Loading  Strategy  -  abatement  treatment  plan  which 
result  in  the  lowest  loadings  possible  from  each  source  of  specified  contaminants. 

•  Maximum  Allowable  Loading  Strategy  -  maximum  specified  loading  level  from  each 
source  regardless  of  plant  size  for  specified  contaminants. 

•  Maximum  Allowable  Loading  per  Unit  of  Production  Strategy  -  maximum  allowable 
loading  per  unit  of  production  from  each  source  for  specified  contaminants. 

These  abatement  strategies  can  be  considered  for  a  subgroup  of  plants  or  effluent  streams 
within  one  sector  and/or  for  a  subgroup  of  contaminants.    Where  possible,  preliminary  cost 
estimates  of  the  four  strategies  for  each  industrial  sector  were  made.   The  cost  estimates  of 
the  abatement  strategies  are  applicable  at  the  sectoral  level.   The  results  for  the  Minimum 
Technically  Achievable  Loading  strategy  for  each  industrial  sector  are  presented  in  the  rcpon 
for  illustrative  purposes  of  the  model's  capabilities. 

When  examining  the  costs  of  the  abatement  strategies  it  is  important  to  appreciate  the 
engineering  issues  surrounding  water  pollution  abatement  in  the  various  sectors.   The  model 
developed  allows,  and,  in  some  cases,  requires  that  the  user  exercise  some  measure  of 
engineering  judgement  in  formulating  potential  policy  objectives. 

Improvements  to  the  Database 

Due  to  the  lack  of  reliable  monitoring  data  for  many  dischargers,  estimates  with  currently 
available  information  are  not  inclusive  of  all  cost  considerations.   The  modelling  results  in  the 
analysis  of  the  relative  costs  of  different  abatement  strategies  based  on  what  is  technically 
achievable  at  the  sectoral  level.   The  databases  and  model  used  in  this  study  can  be  improved 
and  updated  as  additional  plant  specific  data  become  available  through  MISA  contaminant 
effluent  contaminant  concentration  and  flowrate  monitoring  and  through  plant  specific 
technical  and  economic  analysis  undenaken  by  the  MISA  Joint  Technical  Committees  for 
each  industrial  sector.   Improvements  to  the  database  will  result  in  more  accurate  and  reliable 
cost  estimates  and  strategy  analysis. 

Treatment  technologies  which  arc  considered  in  this  study  include  demonstrated  end-of  pipe 
treatment  technologies  as  well  as  in-plant  process  changes  which  are  feasible  for  the  industry 
sectors  to  reduce  the  priority  contaminants  identified.   In  many  instances,  the  most  effective 
treatment  technologies  are  process  changes  (including  product  redesign,  or  raw  material 
substitution).   Unfonunately  for  generic  studies  of  this  type,  process  changes  arc  also  often 
very  site-,  process-,  or  product-specific.   There  is  a  need  to  collect  more  information  on  the 
applicable  process  changes. 
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Report  Structure 

This  study  is  a  first  step  in  the  development  of  a  database  to  estimate  abatement  cost 
functions  for  each  sector  under  MISA.   The  study  is,  of  necessity,  at  a  generic  level. 
Although  detailed  cost  and  treatment  options  at  a  plant  level  are  presented,  they  are  for 
illustrative  purposes  only.   Costs  presented  in  this  study  do  not  account  for  many  site-specific 
factors.  They  should  not  be  seen  as  reflecting  the  real  cost  of  these  treatment  technologies  for 
any  particular  plant.   Instead,  they  should  be  interpreted  only  as  preliminary  cost  estimates  of 
these  treatment  technologies  that  provide  a  relative  understanding  of  the  effectiveness  of 
selected  abatement  technologies  and  the  potential  financial  impact  these  technologies  may 
have  on  each  industrial  sector. 

The  report  presents  results  from  the  identification  of  contaminants  and  feasible  abatement 
technologies  for  each  sector.   Capital  and  operating  costs  for  plants  of  different  sizes  have 
been  developed  for  various  trcamient  plans  in  each  industrial  sector.   The  modelling  of  the 
Minimum  Technically  Achievable  Loading  strategy  is  also  presented.   Each  of  the  industrial 
sectors  examined  in  the  repon  are  presented  in  separate  chapter  within  a  similar  framework. 
Three  appendices  provide  the  technical  information  that  is  the  basis  for  both  the  cost  and 
abatement  strategy  estimates. 
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1.1  Background 

The  Ontario  Ministry  of  the  Environment's  Municipal-Industrial  Strategy  for  Abatement 
(MISA)  is  aimed  at  the  virtual  elimination  of  toxic  contaminants  in  municipal  and  industrial 
discharges  to  Ontario's  waterways.   MISA  will  impose  pollution  abatement  requirements  on 
nine  major  industrial  sectors  which  include  200  of  the  more  than  300  direct  dischargers  in 
Ontario  (MOE  1986).   Similar  pollution  abatement  requirements  will  be  imposed  on  the 
remaining  direct  dischargers  and  on  municipal  sewage  treatment  plants  in  the  province. 

Effluent  limit  regulations  will  require  industrial  dischargers  to  reduce  pollution  with  limits 
based  on  the  best  available  technology,  economically  achievable  (BATEA)  which  applies  to 
that  sector  or  on  water  quality  standards. 

To  define  and  implement  BATEA,  it  is  necessary  to  identify  and  evaluate  the  range  of  waste 
reduction  options,  process  changes,  and  abatement  technologies  that  apply  to  each  industrial 
sector.   Although  BATEA  technologies  arc  not  expected  to  be  specified  by  the  Ministry, 
evaluations  of  levels  of  reduction  achievable  and  their  associated  costs  of  abatement  are 
necessary  in  order  to  design  regulations  that  are  efficient,  effective,  and  equitable. 

The  MISA  program  currently  covers  the  following  major  industries  which  are  responsible  for 
most  of  the  direct  discharges  of  pollution  into  Ontario  waterways: 

•  electric  power  generation 

•  industrial  minerals 

•  inorganic  chemicals 
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iron  and  steel 
metal  mining  and  refining 
organic  chemicals 
petroleum  refining 
pulp  and  paper 
metal  casting 

Direct  dischargers  in  other  sectors  will  also  be  regulated  when  they  arc  added  to  the  program. 


1 .2  Purpose  and  Objectives 

The  main  purpose  of  this  study  is  to  create  a  database  and  model  to  investigate  a  number  of 
possible  abatement  strategies  under  MISA.   Where  available,  site  specific  and  technology 
specific  data  arc  utilized  in  the  model  to  estimate  the  aggregate  cost  and  the  potential 
contaminant  reduction  of  each  abatement  strategy.  These  estimates  arc  more  reliable  than 
generic  site  and  cost  estimates  which  the  model  also  makes. 

The  database  includes  preliminary  engineering  information  on  each  of  the  industrial  sectors  in 
Ontario  for  use  in  the  model.   This  includes  information  on  contaminants  of  concern, 
wastewater  sources  and  quality  and,  finally,  potential  wastewater  treatment  technologies  and 
their  costs.   All  of  these  data  may  be  updated  as  available  information  becomes  more 
comprehensive  through  MISA  monitoring  programs  of  wastewater  effluent  and  detailed  cost 
and  technology  analysis  conducted  by  the  MISA  Joint  Technical  Committees  for  each  sector. 
The  purpose  of  providing  preliminary  data  is  to  create  a  framework  for  illustration  of  the 
model's  capabilities.   Improved  economic  estimates  will  be  possible  as  information  is 
updated. 

The  specific  objectives  of  this  study  arc  to: 

•  Identify  water  pollution  control  technologies  for  treating  toxic  contaminants  in 
effluents  of  direct  dischargers  in  the  MISA  industry  sectors. 

•  Identify  key  in-plant  process  changes  and  raw  material  substitution  to  achieve 
contaminant  reductions. 
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Develop  a  database  of  technical  and  financial  information  on  each  technology. 

Develop  least-cost  abatement  cost  functions  for  major  pollutants  in  each  industrial 
sector. 

Estimate  costs  for  abatement  strategies  specified  by  the  Ministry  using  the 
database  information  and  abatement  cost  functions. 


Caveat 

U.S.  EPA  and  other  BAT  (Best  Available  Technology)  and  BATEA  technologies  for 
particular  industrial  sectors  are  included  in  the  options  analyzed  in  this  study.   However,  it 
is  neither  the  object  nor  the  intention  of  this  study  to  identify  or  propose  BAT  or  BATEA 
technologies  for  different  industry  sectors  or  specific  plants.  The  technologies  identified 
should  not  be  interpreted  as  representing  BAT  or  BATEA  effluent  requirements  for  each 
sector  only.  Plant  specific  analysis  is  beyond  the  scope  of  the  generic  nature  of  the  data 
used  in  this  study. 

This  study  is  an  attempt  to  identify  some  of  the  treatment  technologies  that  are  used  or  are 
technically  feasible  for  application  to  each  industry  sector.   Identification  and  definition  of 
BAT  effluent  requirements  for  each  industrial  sector,  as  well  as  detailed  technical  analysis 
for  specific  direct  dischargers,  will  be  carried  out  by  the  MOE  with  the  consultation  of 
industry  representatives. 

The  development  of  a  database  to  estimate  abatement  cost  functions  for  each  sector  was 
the  first  step  for  this  study.  The  database  developed  is,  of  necessity,  at  a  generic  level. 
As  such,  although  detailed  cost  and  treatment  options  at  a  plant  level  may  be  presented, 
they  are  for  illustrative  purposes  only.   Costs  presented  in  this  study  do  not  account  for 
many  site-specific  factors,  such  as  the  cost  of  land,  and  should  not  be  seen  as  reflecting 
the  real  cost  of  these  treatment  technologies  for  a  specific  plant.   Instead,  they  should  be 
interpreted  as  preliminary  cost  estimates  of  these  treatment  technologies  for  representative 
plants  with  a  similar  representative  wastewater  volume.   This  study  does  not  include  an 
assessment  of  financial  impacts  or  an  environmental  assessment,  but  provides  estimates 
that  are  necessary  inputs  to  this  activity. 
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1 .3  Scope 

1.3.1  Contaminants 

Groups  of  toxic  contaminants  of  concern  which  are  to  be  tested  under  the  monitoring 
component  of  the  MISA  program  are  listed  in  Table  1-1.    Individual  parameters  which  arc  or 
will  be  monitored  vary  among  industrial  sectors.    In  many  cases,  parameters  representative  of 
the  MISA  contaminant  test  grouping  in  Table  1-1  are  chosen,  while  in  others,  so  called 
surrogate  parameters  are  monitored.    Surrogate  parameters  give  an  indication  of  the  level  of 
contamination  without  actually  analyzing  for  a  specific  contaminant.   For  example,  total 
dissolved  solids  may  be  monitored  in  place  of  chemical  analyses  of  individual  dissolved 
contaminants.   This  reduces  both  the  monitoring  and  analytical  effort  and  expense.    In 
addition  conventional  parameters  such  as  BOD,  COD  and  total  suspended  solids  will  be 
monitored  by  MISA.   Data  on  performance  of  treatment  technologies  has  traditionally  been 
based  on  monitoring  of  conventional  parameters.   Some  of  the  representative,  surrogate  and 
conventional  parameters  to  be  examined  in  this  study  are  listed  in  Table  1-2. 

The  development  documents  for  the  monitoring  regulations  for  each  sector  issued  by  the 
MOE  identify  contaminants  and  parameters  of  concern  for  each  industrial  sector.   These  have 
been  used,  together  with  monitoring  data,  as  a  basis  for  identifying  abatement  technologies  in 
the  present  study. 

1.3.2  Industrial  Sectors 

Eight  industries  that  are  affected  by  the  MISA  program  are  examined  in  this  study.   The 
Ontario  pulp  and  paper  industry  was  excluded  and  was  examined  in  a  separate  study.   The 
metal  finishing  sector  is  included  because  it  is  an  impwnant  contributor  to  contaminants  in 
most  municipal  sewers.   These  sectors,  together  with  the  respective  SIC  codes  and  estimated 
number  of  plants  in  Ontario,  are  listed  in  Table  1-3. 


1.33  Treatment  Technologies 

Treatment  technologies  which  are  considered  in  this  study  include  demonstrated  end-of  pipe 
treatment  technologies  as  well  as  in-plant  process  changes  which  are  feasible  for  the  industry 
sectors  in  serving  to  reduce  the  priority  contaminants  identified.   In  many  instances,  the  most 
effective  treatment  technologies  are  process  changes  (including  product  redesign,  or  raw 
material  substitution).   Unfonunately  for  generic  smdies  of  this  type,  process  changes  are  also 
often  very  site-,  process-,  or  product-specific.   There  is  also  a  lack  of  information  on  many 
applicable  process  changes.   It  was  only  possible  to  include  process  changes  in  this  study 
where  information  was  available  on  generic  process  changes  that  could  be  widely  applied  in 
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Table  1-1        Contaminants  of  Concern  Under  the  MISA  Program 


No. 

MISA  Contaminant  Test  Grouping 

1 

Bio-Chemical  Oxygen  Demand  (BOD  or  COD) 

2 

Cyanide 

3 

Hydrogen  ion  (pH) 

4a 

Ammonia  Nitrogen  plus  Ammonium 

Total  Kjeldahl  Nitrogen 

4b 

Nitrate 

Nitrite 

5 

Dissolved  Organic  Cartwn  (DOC) 

Total  Organic  Cartxjn  (TOC) 

6 

Total  Phosphorus 

7 

Specific  Conductance 

8 

Total  Suspended  Solids  (TSS) 

Volatile  Suspended  Solids 

9 

Total  Metals  (13  metals) 

10 

Hydrides  (antimony,  arsenic,  selenium) 

11 

Hexavalent  Chromium 

12 

Mercury 

13 

Total  Alkyl  Lead 

14 

Phenolics  (4AAP) 

15 

Sulphide 

16 

Volatiles,  Halogenated 

17 

Volatiles,  Non-Halogenated 

18 

Volatiles.  Water  Soluble 

19 

Extractables,  Base  Neutral 

20 

Extractables,  Acid  (Phenolics) 

21 

Extractables,  Phenoxy  Acid  Herbicides 

22 

Extractables,  Organochlorine  Pesticides 

23 

Extractables,  Neutral-chlorinated 

24 

Chlorinated  Dibenzo-p-dioxins  and  Dibenzofurans 

25 

Solvent  Extractables  (Oil  and  Grease) 

26 

Fatty  and  Resin  Acids 

27 

PCBs  (total) 

an  industry. 

Treatment  technologies  are  usually  effective  when  applied  to  undiluted  process  wastestreams. 
Unfortunately,  there  is  still  very  little  actual  monitoring  data  on  wastewater  flows  and 
pollutant  concentration  available  on  specific  process  streams  for  the  different  plants.   The  one 
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Table  1-2         Representative  Contaminants  and  Parameters  for  Assessing  Treatment 
and  Removal  Efficiencies 


BOD  or  COD 

pH 

Nitrogen  Compounds 

Cyanide 

Total  Suspended  Solids 

Total  Dissolved  Solids 

Phosphorus 

Metals,  including  organic  complexes  (metyl  mercury,  alkyl  lead,  etc.) 

Phenols 

Oil  and  Grease 

Synthetic  Organics 

-  Dioxins  and  Furans 
-PCBs 

-  Organochlorine  Compounds  measured  as  Total  Organically  bound  halogens  (TOX)  or 
Total  Organically  Ixjund  Chlorine  (TOCI) 

-  Chloroform 

Source:      Terms  of  Reference. 


exception  at  the  time  of  this  study  is  the  petroleum  refining  sector.   Preliminary  MISA 
contaminant  concentration  data  were  available  and  arc  incorporated  in  the  study. 

A  brief  description  of  each  of  the  technologies  considered  is  included  for  each  industry  sector. 
Appendix  A  on  wastewater  treatment  technologies  was  developed  to  describe  in  more  detail 
each  of  the  wastewater  treatment  technologies  included  in  the  study.   Table  1-4  lists  the 
technologies  included  in  the  modelling  and  their  acronyms  used  throughout  the  report. 

Treatment  plans  (combinations  of  compatible  treatment  technologies)  have  been  developed  on 
a  generic  basis  for  each  industry  usually  taking  into  account  existing  treatment  systems. 
Where  generic  treatment  plans  were  not  possible  because  of  the  heterogeneity  of  industry 
processes  (e.g.,  in  the  organic  and  inorganic  chemical  industries),  treatment  plans  were 
developed  on  a  plant-specific  basis. 
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Table  1-3:        Industrial  Sectors  Included  in  the  Present  Study  and  Numbers  of 
Plants  in  Ontario 


Direct 

Discharger 

Plants  or 

Approximate 

Sites  under 

Number 

MISA 

of  Plants 

Monitoring 

Industrial  Sector 

SIC« 

In  Ontario 

Regulation 

Petroleum  Refining 

3611 

7 

7 

Organic  Chemical 

3712, 

60 

19 

Manulacturing 

1800-1897 

Iron  and  Steel 

2911-2921 

57 

7 

Metal  Mining  and  Refining 

0611-0619 

- 

89 

Industrial  Minerals 

062,  081-082, 
351-352,358-359 

3  000 

141 

Electric  Power 

4911 

«9 

27 

Generation 

Inorganic  Chemical 

3399,3571.3594 

780 

22 

Manulacturing 

3711.3721-3729. 
3799 

Metal  Casting 

2941-2999 

300 

12 

Metal  Finishing 

3011-3099 

2  000 

- 

*•  Subsequent  amendments  and  chang 

es  to  MISA  monitoring  regi 

jiations  may  resud  in 

new  plants 

becoming  subject  to  MISA  regulations. 

Where  possible,  these  figures  are  consistent  with  both  figures          1 

reported  in  the  most  recent  Monitoring  Cost  Estimates  and  the  Development  Documents  for  each  sector. 

Each  of  these  plans  may  also  be  specific  to  a  cenain  type  (ie,  source)  of  wastewater,  for 
example,  cooling,  process,  or  storm  water  or  combined  effluent.    As  more  sector-  and  source- 
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Table   1-4       Abatement  Technologies  and  Acronyms  Used  in  Report 


Generic  Abatement  Technology 

Technology  Acronym 

Activated  Sludge 

Act.Slg. 

Chemical  Oxidation 

Ch.Oxid. 

Chemical  Reduction  (Chromium  Reduction) 

Ch.Redn. 

Cooling  Tower 

CoolTow 

Denitrification 

Denit 

Dissolved  Air  Flotation 

Dis.Air  Float. 

Granular  Activated  Carbon  Adsorption  (Activated 
Carbon  Adsorption) 

GACA 

Granular  Media  Filtration 

GMF 

Gravity  Oil  Separation 

GOS 

Ion  Exchange 

lonX 

Nitrification  (New  Facility) 

Nit 

Powder  Activated  Carbon  (Added  to  Activated  Sludge) 

PAC 

Primary  Clarification  (Sedimentation) 

Clarification 

Sedimentation  with  Lime  Addition  (Sedimentation  with 
Chemical  Addition) 

Sed/1 

Steam  Stripping 

StSt. 

Air  Stripping 

AStrip. 

Neutralization 

Neut. 

Aerated  Lagoons 

AL 

Nitrification  (Upgrading  Activated  Sludge) 

Nit  (Retrofit) 
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specific  information  becomes  available  through  the  MISA  monitoring  programs,  it  is 
recommended  that  these  treatment  plans,  and  possibly  the  technologies  which  make  them  up, 
be  revised  as  necessary.   The  term  treatment  technologies  used  in  this  repon  refers  to  the 
component  technologies  which  comprise  a  treatment  plan.   The  term  treatment  alternatives  or 
treatment  options  refers  either  to  alternative  treatment  plans  or  alternative  treatment 
technologies. 

Inter-media  transfer  of  waste  (diversion  of  water-borne  contaminants  into  air  emissions  or 
solid  wastes)  can  be  very  important  and  is  an  often  neglected  facet  of  treatment  technologies. 
For  instance,  most  of  the  water  contaminants  from  the  metal  casting  industry  derive  from 
washout  from  the  air  scrubbers.   Where  they  arc  significant,  these  inter-media  transfers  are 
identified  in  Appendix  A  for  each  of  the  technologies  in  this  study. 

Opponunities  for  material  recovery  and  waste  savings  associated  with  each  technology  are 
identified  where  information  is  available  in  Appendix  A. 


1.3.4  Data  Sources 

In  order  to  maintain  consistency  across  a  broad  base  of  technologies  and  contaminants  a  few 
major  references  were  used  extensively.  These  included,  but  were  not  limited  to  the 
following  references  for  each  sector. 

1.  The  Ontario  Ministry  of  the  Environment  (MOE)  effluent  monitoring  regulation 
development  documenL 

2.  The  U.S.  Environmental  Protection  Agency  (U.S.  EPA)  effluent  guidelines 
development  document  or  other  summaries  of  U.S.  industrial  sectors. 

3.  The  U.S.  EPA's  Treatability  Manual. 

4.  Sector-specific  Environment  Canada  documents. 

5.  Reports  on  annual  industrial  direct  dischargers  in  Ontario,  published  by  the  MOE. 
These  reports  are  commonly  referred  to  as  the  MOE' s  IMIS  database. 

6.  Confidential  CH2M  Hill  in-house  client  files  which  provided  up-to-date  cost  data 
for  most  technologies. 


These  references  provided  a  large  and  comprehensive  database,  though  the  following 
limitations  should  be  pointed  out.   Monitoring  data  in  the  MOE  development  documents  are 
scanty  at  best.   The  purpose  of  the  effluent  monitoring  regulations  currently  proposed  is  to 
fully  describe  the  quantity  and  quality  of  direct  discharges  in  Ontario.   The  data  available  on 
technology  costs  and  plant  specific  contaminant  loading  at  this  time  are  considered  inadequate 
and  incomplete  for  the  establishment  of  effluent  limits.    Available  data  were  used  for  the 
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model  to  provide  preliminary  estimates.   Monitoring  data  for  each  industrial  sector  would  be 
necessary  to  provide  more  reliable  estimates. 

The  data  used  from  U.S.  EPA  documents  are  also  lacking  in  two  respects.   First,  the  data  are 
from  the  early  to  the  mid-1980's.   In  many  cases,  the  data  are  from  sampling  performed  in 
the  1970's  when  analytical  quality  assurance  and  quality  control  methods  were  less  highly 
developed.   Secondly,  these  documents  do  not  detail  the  background  to  the  sampling  data. 
For  example,  it  is  not  indicated  whether  data  have  been  summarized  from  pilot  or  full  scale 
studies,  whether  samples  were  a  one-time-only  occurrence  or  were  taken  on  a  routine  basis 
over  a  longer  term  or  whether  adequate  analytical  techniques,  with  suitable  detection  limits, 
were  used.   However,  since  this  was  the  most  comprehensive  database  available  at  this  time, 
these  data  are  included  in  the  database  and  described  in  the  following  chapters. 


1.3J  Cost  Estimates 

Cost  estimates  have  been  developed  for  each  of  the  treatment  technologies  from  confidential 
CH2M  Hill  in-house  files  on  wastewater  treatment  projects  and  from  published  cost  data. 
The  estimarion  procedure  and  cost  categories  used  closely  follows  the  guidelines  se:  out  in  the 
U.S.  EPA's  Treatability  Manual,  Volume  IV:  Cost  Estimating.   While  the  cost  estimates 
presented  in  the  report  arc  aggregated,  specific  costs  have  been  used  for  each  technology  to  a 
much  greater  level  of  detail  and  are  included  in  the  database  used  to  develop  the  aggregated 
cost  estimates  presented  in  this  study.  To  the  extent  possible  the  generic  and  aggregate  cost 
data  used  in  this  study  are  consistent  with  the  definition  of  costs  used  by  Statistics  Canada. 

Where  possible  cost  estimates  were  made  for  specific  sites  by  calculating  an  exponential 
scaling  function  from  actual  cost  data  on  the  basis  of  daily  wastewater  flow.   Elsewhere,  cost 
estimates  for  representative  facilities  of  different  sizes  were  made.   Unless  crucial  information 
on  wastewater  flows  for  specific  process  streams  were  available  representative  facility  sizes 
were  based  either  on  combined  wastestream  flowrates  or  on  the  process  wastestreams  from 
the  information  available.   Total  capital  costs  reponed  here  include  the  costs  of  retrofitting, 
and  exclude  land  costs,  unless  otherwise  indicated.   Abatement  strategy  costs  are  provided  as 
a  total  annualized  cost.   For  this  study  total  annualized  costs  are  equal  to  total  capital  costs 
discounted  at  a  real  rate  of  10  per  cent  over  30  years,  plus  annual  operating  costs. 

Treatment  plan  costs  are  estimated  for  a  range  of  representative  facilities  and  applied  to  the 
different  industry  sectors  when  plant  specific  data  wastewater  flowrates  are  unavailable.   The 
estimated  costs  for  representative  facilities  reponed  in  the  cost  tables  for  each  industry  are  not 
intended  to  provide  an  accurate  estimate  for  specific  plants  with  similar  wastestream 
flowrates. 
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Many  suitable  process  changes  arc  likely  to  be  more  cost-effective  than  the  end-of-pipe 
technologies  for  which  costs  have  been  developed  in  this  study.   However,  because  of  a  lack 
of  information  -  and  particularly  of  cost  information  -  on  these  process  changes,  most  could 
not  be  included  in  the  cost  estimates.   Hence,  the  abatement  costs  estimated  are  likely  to  be 
upper  bound  limits  for  the  treatment  options  available  for  dischargers  in  these  sectors. 

Information  regarding  the  reliability  and  servicing  down  time,  installation  time  and  life  span, 
possible  legal  and  licensing  considerations  and  possible  retrofit  costs  of  the  treatment 
technologies  examined  are  provided  where  information  is  available  in  Appendix  A. 


1.3.6  Abatement  Strategies 

Abatement  cost  functions  relating  costs  to  contaminant  reduction  levels  were  developed  for 
each  plant  and  industry  sector  on  the  basis  of  cost  estimates  for  each  treatment  plan  and  best 
available  data  on  treated  and  untreated  wastewater  contaminant  concentration.   These 
abatement  cost  functions  can  be  used  to  estimate  the  least  cost  means  of  achieving  a  specified 
reduction  level  and  to  estimate  the  additional  cost  of  regulatory  strategies  designed  to  meet 
objectives  other  than  simple  cost  minimization. 

Four  abatement  strategies  have  been  selected  by  the  Ministry  for  this  study: 

•  Least  Cost  Strategy  -  adoption  of  the  lowest  cost  abatement  treatment  plan  by 
plant  and  sector  to  achieve  a  specified  target  of  contaminant  reduction. 

•  Minimum  Technically  Achievable  Loading  Strategy  -  abatement  treatment  plan 
which  result  in  the  lowest  loadings  possible  from  each  source  of  specified 
contaminants. 

•  Maximum  Allowable  Loading  Strategy  -  maximum  specified  loading  level  from 
each  source  regardless  of  plant  size  for  specified  contaminants. 

•  Maximum  Allowable  Loading  per  Unit  of  Production  Strategy  -  maximum 
allowable  loading  per  unit  of  production  from  each  source  for  specified 
contaminants. 

These  abatement  strategies  can  be  considered  for  a  subgroup  of  plants  or  effluent  streams 
within  one  sector  and/or  for  a  subgroup  of  contaminants.   The  maximum  loading  per  unit  of 
production  can  be  estimated  for  only  those  industrial  sectors  where  plant  specific  production 
data  are  available.   The  methodology  for  the  estimating  the  abatement  costs  for  these 
different  strategies  is  presented  in  Appendix  C. 
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Cost  and  financial  considerations  at  the  company  level  will  play  an  important  role  in  the 
selection  of  appropriate  technologies  under  the  N4ISA  program.   While  proposed  treatment 
technologies  for  individual  plants  may  be  mentioned  in  this  study,  it  must  be  emphasized  that 
this  study  has  not  involved  any  consideration  of  these  company-specific  economic  and 
financial  factors. 


1.3.7  Weighting  System  for  Contaminants 

Many  of  the  abatement  technologies  included  in  the  repon  reduce  the  discharges  of  more  than 
one  contaminant.   In  order  to  estimate  abatement  cost  functions  under  these  circumstances  it 
is  necessary  to  add  the  quantities  of  different  contaminants  together  in  some  manner.   For  this 
purpose  a  weighting  system  which  can  account  for  a  number  of  contaminants  and  reflect  the 
environmental  significance  of  different  contaminants  was  developed  and  incorporated  into  the 
model. 

Three  options  for  weighting  contaminants  were  developed. 

1)  Equal  Weighting:  For  the  calculation  of  the  costs,  a  unit  reduction  in  each 

pollutant  is  valued  equally  (the  weight  for  each 
contaminant  equals  1).   That  is,  the  amount  of  two  or 
more  different  contaminants  removed  is  valued  equally. 

2)  Normalized  Weighting:  For  normalized  weights,  a  weight  is  assigned  to  each 

contaminant  (0  or  greater).   The  normalized  weighted 
value  for  a  contaminant  equals  the  assigned  weight  for 
the  contaminant  divided  by  the  average  assigned  weight 
for  all  contaminants.   The  average  of  the  normalized 
weighted  value  for  all  contaminants  is  equal  to  1. 

3)  Non-normalized  Weighting:         For  non-normalized  weights,  a  weight  (0  or  greater)  is 

assigned  to  each  contaminant.   The  weight  assigned  to 
the  contaminant  equals  the  weighted  value  for  the 
contaminanL 


The  loading  for  the  contaminant  is  then  multiplied  by  its  weight  and  the  cost  is  determined 
based  on  the  sum  of  the  weighted  contaminant  loading  for  all  contaminants.    For  example,  if 
only  two  contaminants,  lead  and  phenols  are  included  in  the  analysis  the  weighting  system  is 
as  follows: 
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Equal  Weighting:  Each  contaminant  is  assigned  a  weight  of  one.   Total  loadings 

equals  the  sum  of  the  contaminant  loading  from  lead  and 
phenols. 

Normalized  Weighting:  If  lead  is  assigned  a  weight  of  2  and  phenols  assigned  a  weight 

of  3,  the  nomialized  weight  for  lead  equals  0.8  (2  divided  by  the 
weighted  average,  2.5),  and  the  normalized  weight  for  phenols 
equals  1.2  (3  divided  by  2.5).   The  average  of  the  normalized 
weighted  values  equals  1  (2  divided  by  2).   Total  loadings  equals 
the  sum  of  the  contaminant  loading  from  lead  multiplied  by  0.8 
plus  the  contaminant  loading  from  phenols  multiplied  by  1.2. 

Non-normalized  Weighting:    If  lead  is  assigned  a  weight  of  2  and  phenols  assigned  a  weight 
of  3,  the  non-normalized  weight  for  lead  equals  2  and  the  non- 
normalized  weight  for  phenols  equals  3.   Total  loadings  equals 
the  contaminant  loading  from  lead  multiplied  by  2  plus  the 
contaminant  loading  from  phenols  multiplied  by  3. 


The  unit  cost  of  an  abatement  technology  equals  the  abatement  technology  cost  divided  by  the 
sum  of  the  contaminant  loadings  calculated  using  the  weighting  system.   Contaminants 
assigned  a  weight  of  zero  are  not  included  in  the  analysis  of  abatement  technology  costs. 

The  objective  of  the  weighting  system  is  to  allow  for  the  same  cost  algorithm  used  in  the 
model  to  estimate  abatement  costs  for  more  than  one  contaminant  while  taking  into  account 
the  different  toxicity  of  contaminants. 


1.3.8    Contaminant  Concentration  Thresholds 

Data  on  the  achievable  effluent  concentration  by  contaminant  for  each  abatement  technology 
were  gathered.   The  achievable  effluent  concentration  refers  to  the  technical  limitations  of  the 
technology  to  remove  a  contaminant  from  a  wastestream.   The  achievable  effluent 
concentration  was  used  as  a  proxy  of  the  contaminant  concentration  required,  or  threshold,  in 
a  waste  stream  for  an  abatement  technology  to  effectively  remove  a  contaminant.   If  the 
wastestream  contaminant  concentration  from  a  specific  plant  is  below  the  threshold,  the 
technology  is  assumed  ineffective  in  reducing  the  contaminant  concentration  funher. 

Initially,  the  contaminant  concentration  threshold  was  applied  in  the  following  manner.  The 
threshhold  was  compared  to  the  actual  contaminant  concentration  in  a  wastestream  for  the 
first  technology  included  in  a  treatment  plan  used  in  the  analysis  of  the  abatement  strategies. 
If  the  actual  effluent  concentration  is  below  the  contaminant  concentration  threshold  of  the 
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first  technology  included  in  the  treatment  plan,  the  plan  was  excluded  from  further  analysis  of 
abatement  strategies.   For  example,  if  activated  sludge  were  the  first  abatement  technology  in 
a  treatment  plan  and  can  achieve  an  effluent  concentration  of  5  mg  p)er  litre  of  cyanide  in  a 
wastestream,  and  the  actual  concentration  of  cj^anide  in  a  wastestream  is  below  5  mg  per  litre, 
the  treatment  plan  is  dropped  from  the  analysis  of  the  abatement  strategies. 

However,  in  consultarion  with  VHB,  the  procedure  was  revised  by  the  MOE  to  remove  this 
assumption.  As  revised,  the  model  tests  each  technology  in  a  treatment  plan  in  sequence,  and 
assumes  that  only  those  technologies  which  fail  the  threshold  test  are  ineffective. 

For  sequential  testing,  effluent  concentrations  are  recalculated  based  on  the  percentage 
contaminant  removal  that  could  be  assumed  to  result  from  any  previous  technologies  in  the 
treatment  plan.  (The  percentage  removal  calculated  at  any  stage  of  the  sequential  process  is 
based  on  the  removal  efficiencies  of  any  previous  technologies  assumed  to  have  an  effect). 

With  these  changes,  if  any  technology  other  than  the  first  technology  in  a  treatment  plan  were 
to  fail  its  threshold  test,  the  treatment  plan's  removal  efficiency  would  be  lower  than  it  would 
have  been  had  only  the  first  techology  been  tested.  A  treatment  plan  could  also  be  found  to 
effect  removal,  even  if  effluent  concentrations  were  too  low  for  the  initial  technology  to 
contribute  to  this  reduction.  As  before,  a  treatment  plan's  removal  efficiency  is  determined 
independentiy  for  each  contaminant. 

In  cases  where  a  range  of  achievable  effluent  concentrations  for  an  abatement  technology  is 
found,  the  midpoint  is  chosen  as  the  contaminant  concentration  threshold  level  in  the  model. 
The  achievable  effluent  concentration  data  used  to  determine  the  contaminant  concentration 
thresholds  for  abatement  technologies  arc  presented  in  Appendix  A. 


1.3.9    Database  Development 

A  database  incorporating  financial  and  technical  information  on  abatement  technologies  as 
well  as  wastewater  flow  and  contaminant  concentration  at  each  plant  was  dcvelof)ed  for  each 
industrial  sector  for  the  estimation  of  the  abatement  costs  of  the  different  strategies  described 
above. 

For  some  industrial  sectors,  such  as  metal  casting,  only  generic  contaminant  concentration  and 
wastewater  flow  data  were  available.    For  these  sectors  representative  small,  medium  and 
large  plants  were  estimated  and  the  cost  of  the  abatement  strategies  estimated.   The 
contaminant  concentration  data  used  are  the  best  available  data  found  applicable  to  that 
sector.   The  source  and  nature  of  the  data  are  noted  in  the  body  of  the  report. 
Flowrate  data  for  representative  plants  were  estimated  based  on  the  flov^Tates  of  specific 
plants,  when  available,  with  the  flowrate  for  a  medium  plant  equalling  the  average  of  flowrate 
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for  specifc  plants  rounded  to  the  nearest  5,000  M^  per  day.    If  the  average  flowrate  differed 
from  the  general  plant  and  production  characteristics  found  in  an  industrial  sector  the  medium 
sized  plant  wastewater  flow  was  adjusted  in-house. 

The  estimated  small  and  large  sized  plant  flowrates  were  determined  based  on  the  available 
plant  specific  flowrate  data  and  in-house  experience  of  the  expected  flowrates  in  an  industrial 
sector.   If  no  plant  specific  flowrate  data  are  available  in-house  experience  of  the  expected 
flowrates  in  that  sector  are  used.   Cost  estimates  of  representative  plants  are  for  illustrative 
purposes  only.   When  wastewater  flow  and  contaminant  monitoring  data  become  available, 
cost  estimates  more  reflective  of  plants  specific  to  that  sector  in  Ontario  can  be  made. 

1.3.10    Data  Used  in  the  Model 

The  data  used  in  the  model  arc  as  follows: 

•  generic  abatement  technology  capital  and  operating  cost  data  and  cost  factoring 
exponents; 

•  available  contaminant  concentration  data  by  plant  or  generic  concentration  data  when 

plant  specific  data  are  unavailable; 

•  plant  specific,  or  if  unavailable  estimates  of  expected  plant,  wastewater  flowrates; 

•  abatement  technology  contaminant  removal  efficiency  factors; 

•  achievable  effluent  concentration  data  (see,  Appendix  A);  and 

•  plant  specific  production  data  where  available. 

Tables  1-5  to  1-8  present  examples  of  the  input  data  used.  Table  1-5  presents  the  generic 
cost  data  used  for  the  activated  sludge  abatement  technology.   The  scaling  exponent  is  used  to 
reflect  economies  of  scale  when  adjusting  the  generic  abatement  technology  costs  to  specific 
plants.   Abatement  technology  costing  adjustments  are  made  based  on  wastewater  flow.   The 
calculation  is  as  follows, 

g  X  (  —  )' 
n 


where,  g  =  generic  abatement  technology  cost, 

m  =  a  plant  specific  wastewater  flow, 
n  =  the  generic  wastewater  flow,  and 

Final  Report  -  20  January  1991  1-15 


Introduction 

e  =  scaling  exponent 

For  example,  if  the  capital  cost  of  a  generic  abatement  technology,  g  =  $150,000  and  m  = 
5,000  M^  per  day,  n  =  8,000  M^  per  and  the  scaling  exponent,  n  =  0.5,  then  the  capital  cost 
for  the  specific  plant  equals, 

150.000  X  (  -^^  )  «^^ 
5.000 


or  $190,000. 


Table  1-5         Example  of  Generic  Abatement  Technology  Cost  Data 


Activated  Sludge                                                          1 
(Wastewater  Flow  =  3,785  M'  "''  ^"^                                         || 

Cost  Component 

Cost  1989$ 

Scaling  Exponent 

Equipment  and  Installation 

$1,600,000 

Engineering  and  Design 

$900,000 

Total  Capital  Cost 

$2,500,000 

0.5 

Labour 

$15,000 

0.5 

Maintenance 

$30.000 

0.5 

Chemicals 

- 

Power 

$20.000 

1.0 

Sludge  Disposal 

$60.000 

1.0 

Total  Annual  Operating  Costs 

$125,000 

Note:         A  detailed  explanation  of  the  generic  cost  data  are  presented  in  Appendix  B. 
Source:         Appendix  A. 
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The  concentration  data  available  for  each  sector  are  presented  in  the  body  of  the  repon. 
Table  1-6  presents  the  concentration  data  for  the  petroleum  refining  sector.   When  ranges  of 
concentration  data  are  provided  the  mid-point  of  the  range  was  used  in  the  model. 

Table  1-7  presents  the  removal  efficiency  data  for  the  petroleum  refining  sector.   The  ranges 
of  removal  efficiency  found  in  the  literature  are  presented  in  the  body  of  the  repon  by 
industrial  sector.   The  mid-point  of  the  range  was  used  in  the  model.   The  contaminant 
removal  efficiency  for  a  treatment  plan  is  calculated  assuming  that  the  abatement  technologies 
are  complimentary.   The  calculation  of  the  per  cent  reduction  in  loading  from  a  treatment 
plan  is, 

a  +  b  K  {\  -  a)  +  c  X  {\  -  a)  \  {\  -  b), 

where  a,  b  and  c  are  contaminant  removal  efficiencies  for  different  but  complimentary 
abatement  technologies.   For  example,  if  the  removal  efficiency  of  abatement  technology  a  = 
0.4  (40  per  cent  of  the  contaminant  loading  is  removed  by  the  technology),  b  =  0.3  and  c  = 
0.2,  then  the  removal  efficiency  of  a  treatment  plan  using  technologies  a,  b  and  c,  equals, 

0.4  +  0.3  X  (1  -  0.4)  +  0.2  X  (1  -  0.4)  x  (1  -  0.3),  or 

about  66.4  per  cent  of  contaminant  loadings  are  expected  to  be  removed. 

The  treatment  plan  removal  efficiency  of  total  suspended  solids  for  petroleum  refineries  is 
presented  below: 

Contaminant  Removal 
Treatment  Plan  Efficiency  (%) 

Granular  media  filtration  plus  60  %' 

Granular  activated  carbon  adsorption  40  %* 

Total  treatment  plan  removal  efficiency  76  % 

or  (0.6 -H  0.4  X  (1.0-0.6)) 

*  -  Mid-point  of  the  contaminant  removal  efficiency  range  in  Table  1-6. 


Table  1-8  presents  the  plant  specific  estimates  of  the  expected  wastewater  flowrate  data 
developed  for  the  petroleum  refining  sector.    Wastewater  flowrates  were  developed  for  small, 
medium  and  large  sized  plants.   These  estimated  flowrates  vary  between  sectors  depending  on 
the  flowrate  information  available  and  the  expected  plant  and  production  characteristics  for 
plants  in  each  industrial  sector. 
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For  example,  in  the  petroleum  refining  sector  where  the  average  flowrate  is  10,470  M'  per 
day  the  estimated  medium  sized  plant  flowrate  is  assumed  to  be  10,000  M^  per  day.   The 
estimated  small  and  large  sized  plant  flowrates  are  estimated  based  on  the  available  plant 
specific  flowrate  data  and  in-house  experience.   The  small  plant  flowrate  is  estimated  to  be 
5,000  M'  per  day  and  the  large  plant  flowrate  is  estimated  at  10,000  M^  per  day. 
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Table  1-8         SpeciFic  Plant  and  Estimated  Wastewater  Flowrates  in  the 
Petroleum  Refîning  Sector 


Plant 

Waste  flowrate  (M^  per  Day) 

Suncor 

8,933 

Petro-Canada  Trafalgar 

4,464 

Petro-Canada  Clarkson 

9,299 

Shell 

11,916 

McCoU-Frontenac  Inc. 

6,697 

Esse 

26,253 

Petrosar 

5,728 

Small 

5,000 

Medium 

10,000 

Large 

20,000 

Note:    Waste  flowrates  are  for  process  waste  streams  only. 
Source:  Table  2-1. 


1.3.11  Interpretation  of  Results 

Estimates  of  abatement  technology  and  abatement  strategy  costs  are  based  on  data  which  is 
aggregated  and  generic  in  nature.   Also,  the  technologies  and  treatment  plans  used  to 
determine  the  cost  estimates  reflect  the  technical  potential  of  these  technologies  and  may  not 
be  appropriate  for  all  plants  in  Ontario.   As  such,  the  cost  estimates  are  illustrative  and  should 
not  be  interpreted  as  estimates  of  the  sectoral  cost  of  an  abatement  strategy  until  bener  data 
are  incorporated  into  the  model. 

The  results  permit  the  analysis  of  the  relative  cost  effectiveness  of  different  technologies  and 
ffeatment  plans  using  four  different  strategies  when  applied  across  sectors  for  different 
effluent  contaminants.   The  comparison  of  the  relative  effectiveness  of  various  abatement 
strategies  and  technologies  permits  the  user  to  gain  an  understanding  of  the  different  sectoral 
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effects  of  the  abatement  strategies  examined  by  contaminant  or  combinations  of  contaminants. 

Due  to  the  generic  nature  of  the  cost  estimates  for  each  technology,  cost  estimates  for  each 
plant  are  much  less  reliable  than  totals  for  the  sector.   More  accurate  plant  specific  estimates 
can  be  undertaken  when  detailed  technical  and  cost  data  analysis  on  specific  plants  are 
completed. 

For  sectors  in  which  no  plant  specific  flow  or  concentration  data  were  available,  estimated 
"representative"  plant  data  for  different  plant  sizes  were  used  to  estimate  costs.   The  results 
allow  the  user  to  compare  the  relative  costs  of  different  strategies  and  treatment  plans  on 
different  sizes  of  plants  as  they  are  applied  to  different  contaminants.   The  cost  per  unit  of 
contaminant  reduction  estimates  of  "representative"  plants  can  be  compared  to  the  cost  per 
unit  of  reduction  estimates  based  on  plant  specific  data.   However,  the  estimated  total  cost  of 
"representative"  plants  can  not  be  compared  with  total  sectoral  costs  based  on  plant  specific 
cost  estimates. 

1.3.12  Database  and  Model  Improvements 

Due  to  the  lack  of  reliable  monitoring  data  for  many  dischargers,  estimates  with  currently 
available  information  are  not  inclusive  of  all  cost  considerations.   The  modelling  results  in  the 
analysis  of  the  relative  costs  of  different  abatement  strategies  based  on  what  is  technically 
achievable  at  the  sectoral  level.   The  databases  and  model  used  in  this  study  can  be  improved 
and  updated  as  additional  plant  specific  data  become  available  through  MISA  contaminant 
effluent  contaminant  concentration  and  flowrate  monitoring  and  through  plant  specific 
technical  and  economic  analysis  undertaken  by  the  MISA  Joint  Technical  Committees  for 
each  industrial  sector.   Improvements  to  the  database  will  result  in  more  accurate  and  reliable 
cost  estimates  and  strategy  analysis. 

1 .4     Report  Structure 

This  repon  identifies  contaminants  and  potential  treatment  technologies  for  each  sector. 
Using  relevant  input  data  and  cost  estimates  for  each  technology,  cost  estimates  are  developed 
for  each  of  the  treatment  plans  in  each  sector.  Estimates  of  the  costs  for  the  Minimum 
Technically  Achievable  Loading  Strategy  based  on  reducing  total  suspended  solids  for  each 
sector  is  also  presented. 

Slight  modifications  were  by  the  Ministry  subsequent  to  the  submission  of  the  draft  repon. 
These  arc  noted  where  relevant. 

Each  of  the  sectors  covered  in  this  repon  are  presented  separately  within  a  similar  framework. 
The  chapters  follow  the  same  general  outline: 
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•  A  short  description  is  given  of  the  industrial  sector  in  Ontario  and  its  production 
processes. 

•  Sources  and  quality  of  wastewater  produced  are  described,  including  an  assessment  of 
the  contaminants  of  concern  in  the  sector.   Included  are  pre-monitoring  and  monitoring 
data  or  both,  or  estimates  of  wastewater  quality  data  for  plants  in  each  industrial  sector 
if  the  actual  effluent  quality  data  are  not  available. 

•  Water  pollution  abatement  in  the  sector  is  discussed  focusing  on  existing  abatement 
practices,  reduction  through  best  management  practices,  process  change  and  product 
substitution,  and  potential  treatment  technologies  which  could  be  applied,  or  more 
widely  applied,  in  the  sector. 

•  Treatment  plans  are  formulated  which  combine  various  technologies  to  address  a  range 
of  treatment  scenarios.  These  treatment  plans  are  based  on  limited  information. 
Future,  detailed,  engineering  and  technical  analysis  of  each  industrial  sector  will 
provide  information  which  will  permit  the  development  of  more  precise  treatment 
plans. 

Estimates  of  the  costs  of  each  of  these  treatment  plans  for  plants  in  each  sector  are 
developed  based  on  the  technical  engineering  information. 

•  Where  data  permit,  estimates  of  the  Minimum  Technically  Achievable  Loading  strategy 
outlined  above  are  reported. 

Three  appendices  provide  technical  information  in  support  of  the  chapters  on  each  industrial 
sector.   Appendix  A  contains  descriptions  of  the  generic  treatment  technologies  considered  for 
each  sector.   Included  is  information  on  equipment  required,  target  contaminani(s)  and  inter- 
media transfer.     Two  tables  also  summarize  information  on  the  applicability  of  any  given 
technology  by  documenting  achievable  effluent  concentrations  and  the  compatibilit>', 
redundancy  and  pretreatment  requirements  of  the  technologies.   Appendix  B  presents 
summaries  of  the  cost  estimates  developed  for  each  of  the  technologies,  as  well  as  any 
necessary  assumptions.   Appendix  C  describes  the  methodology  and  assumptions  used  for 
estimating  the  costs  of  the  four  abatement  strategies. 
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2.1      Description 

Petroleum  refining  involves  processing  crude  oil  into  a  variety  of  petroleum  products 
including  gasoline,  fuel  oil,  jet  fuel,  heating  oils  and  gases,  and  petrochemicals.   A  petroleum 
refinery  is  a  complex  combination  of  interdependent  operations  engaged  in  the  separation  of 
crude  molecular  constituents,  molecular  cracking,  molecular  building  and  solvent  finishing. 
Because  of  the  diversity  and  complexity  of  the  processes  used  and  the  products  produced, 
petroleum  refineries  are  generally  characterized  by  the  quantity  of  raw  material  processed 
rather  than  the  types  of  products  producedCU.S.  EPA,  1979). 

The  first  process  step  in  a  refinery  consists  of  physically  separating  crude  oil  into  a  number  of 
fractions  of  varying  molecular  weights.   Distillation,  liquid  extraction  and  crystallization  are 
examples  of  common  physical  separation  processes.   Subsequent  conversion  processes  are 
then  required  for  intermediate  and  final  products.   Cracking,  reforming  and  alkylation  are 
examples  of  the  major  chemical  conversion  processes  used.   Although  more  than  150  separate 
processes  have  been  identified  in  the  industry,  they  can  generally  be  classified  as  either 
physical  separation  or  chemical  conversion  operations.   Finished  products  are  manufactured 
by  blending  various  intermediate  products  in  the  required  proportions.   Additives,  such  as 
anti-oxidants,  anti-icing  agents,  corrosion  inhibitors,  and  anti-knock  agents,  are  added  at  this 
stage. 

There  arc  seven  petroleum  refineries  operating  in  Ontario,  classed  in  SIC  3611.  All  of  these 
fall  under  MISA  monitoring  regulations.   Descriptions  of  each  of  these  are  presented  in 
Table  2-1. 
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2.2     Wastewater  Sources 

A  refinery  generates  contaminated  water  in  a  number  of  ways: 

Crude  oil  itself  contains  a  small  amount  of  water. 

Desalting  of  crude  oil. 

Steam  is  added  in  the  processing  operations  to  aid  in  the  distillation  or  to  "strip"  out 
impurities. 

Coke  cutting  water. 

Ballast  water  from  tank  ships  transporting  petroleum  products  is  pumped  ashore  when 
products  are  loaded. 

Water  accumulates  in  the  bonom  of  storage  tanks  and  must  be  drawn  off  from  time  lo 
time. 

Water  from  process  area  washdown  (minor  leaks  and  spills). 

Wastewater  generated  during  turnarounds. 

Periodic  discharge,  or  blowdown,  of  recirculating  cooling  water  systems. 

Stormwater  runoff  from  process  areas  and  lank  farms. 

Over  90  percent  of  the  effluent  from  a  petroleum  refinery  can  be  non-contact  cooling  water. 
However,  it  is  possible  to  have  a  leakage  into  the  cooling  water  so  the  cooling  water  becomes 
more  contaminated  than  the  treated  wastewater.   New  petroleum  refineries,  such  as  Texaco  at 
Nanticoke,  Petro-Canada  at  Trafalgar  and  Petrosar  at  Samia,  discharge  very  little  cooling 
water  because  air  coolers  and  cooling  water  recycling  (cooling  towers)  are  used.   Older 
existing  refineries  also  tend  to  incorporate  cooling  water  recycling  into  new  process  units 
which  are  added  to  the  complex.   For  example,  the  new  lubricating  oil  process  at  Petro- 
Canada  (Clarkson)  uses  cooling  water  recycling. 

The  effluent  volumes  shown  in  Table  2-1  reflect  average  process  water  volume  over  a  six 
month  period  (MOE/MISA  1989).    Process  water  volumes  are  presented  since  preliminary 
process  contaminant  concentration  data  compiled  by  MISA  are  used  in  the  scenario 
modelling.   Funhermore,  when  treated  process  wastewaters  and  non-contact  cooling  waters 
are  combined,  pollutants  are  diluted  and  become  both  more  difficult  to  detect  and  more 
difficult  to  remove. 
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Petroleum  Refining 

Pro    ss  effluents  may  be  a  combination  of  sour  water  stripper  effluent,  ballast  water,  desalter 
wa;    waters,  laboratory  wastewaters,  tank  bottoms  and  other  contact  waters.    Potentially 
con  .minated  non-process  effluents  may  include  once  through  cooling  water,  boiler 
blowdown,  storm  water  and  other  dilute  effluents.   Conventional  contaminants  measured  in 
petroleum  refinery  effluents  include  total  organic  carbon  (TOC),  dissolved  organic  carbon 
(DOC),  ammonia  nitrogen,  total  and  volatile  suspended  solids  (TSS  and  VSS),  sulphides,  total 
phosphorus,  oil  and  grease,  phenolics  and  pH. 

In  addition,  four  volatile  organic  compounds  and  two  metals  have  been  recognized  to  be  of 
concern  in  petroleum  refinery  wastewaters  (MOE  1988).   These  include: 

Benzene,  ethylbenzene,  toluene,  xylenes  (o-xylene,  m-xylene,  and  p-xylene).   These 
parameters  have  historically  been  detected  in  final  effluents  and  have  been 
recommended  as  surrogate  parameters  to  demonstrate  the  treatment  performance  for 
toxic  contaminant  removal. 

Chromium  and  zinc  (only  in  refineries  where  these  contaminants  arc  used  as  corrosion 
inhibitors).   These  parameters  are  often  detected  at  high  levels  in  intermediate 
wastewaters  and  frequently  detected  in  effluents. 

Table  2-2  provides  a  description  of  each  of  these  parameters. 

Table  2-3  presents  MISA  preliminary  contaminant  concentration  data  for  the  Ontario 
refineries.   All  data  are  for  treated  process  effluents. 


2.3      Control  and  Treatment  Technology 

Two  major  benefits  can  be  derived  from  in-plant  treatment  of  segregated  streams.   The  first  is 
the  overall  reduction  of  pollutant  load  that  must  be  treated  by  the  end-of-pipe  system.   The 
second  is  the  reduction  or  elimination  of  a  particular  pollutant  parameter  before  dilution  into 
the  main  wastewater  scream. 

Sour  waters  and  cooling  tower  blowdowns  are  the  two  waste  streams  for  which  in-plant 
treatments  are  available.   Sour  water  results  from  water  which  has  come  in  contact  with  a 
hydrocarbon  stream.    Sour  waters  contain  sulphides,  ammonia  and  phenols.    The  most 
common  in-plant  treatment  schemes  for  sour  water  involve  sour  water  stripping,  sour  water 
oxidizing  or  a  combination  of  the  two.    At  all  Ontario  refineries,  the  relatively  small  sour 
water  flows  are  treated  before  discharge  to  the  effluent  treatment  system. 

Cooling  tower  blowdown  contains  metals  (such  as  chromium  and  zinc)  and  phosphate. 
Removal  of  these  contaminants  can  be  achieved  by  precipitation  and  sedimentation  at  a  high 
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Petroleum  Refining 
Table  2-2  Contaminants  in  Petroleum  Refinery  Effluents 


Contaminant 

Connment 

TOC,  DOC 

Gross  measure  of  total  (dissolved)  organic  cartxjn  content  is  a  good  indicator  of 
treatment  efficiency  of  processes  designed  for  organics  removal. 

TSS 

Good  measure  of  the  effectiveness  of  treatment  systems  in  removing  solids. 

VSS 

Measure  of  biological  solids  in  the  affluent. 

Ammonia-N 

Measure  of  the  dissolved  ammonium  originating  from  sour  water  wastewaters. 

Total  P 

Added  to  petroleum  refinery  treatment  systems  as  a  nutrient  to  aid  in  biological 
growth. 

Sulphides 

Contaminant  in  crude  oil  associated  with  sour  water  as  hydrogen  sulphide  and 
other  reduced  sulphur  species. 

Oil  and  Grease 

Measure  of  solvent  extractable  mineral  in  the  water. 

Phenolics 

Recommended  in  literature  as  the  single  best  measure  of  petroleum  refinery 
effluent  treatment.                                                                                             • 

Benzene. 
Ethylbenzene, 
Toluene,  Xylenes 

Aromatic  hydrocarbons  produced  at  refineries. 

Chromium  and  Zinc 

Often  detected  at  high  levels  in  intermediate  wastewaters  and  effluents. 

Source:  MOE  1988 
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Petroleum  Refining 
Treatment  Plan  Alternatives  for  Petroleum  Refineries 


Treatment  Plans 

2-1          2-2 
Process  Process 
Treatment  Technologies 

2-3                                                               2-4 

Process                                                  Combined 
Water                                                     Water                   WBWiieni 

Granular  Media  Filtration 

- 

Granular  Activated 
Cartx)n  Adsorption 

• 

Treatment  Plans 

Refineries  2-1          2-2 

2-3                                                           2-4 

Suncor 

• 

Retro -Canada 
Tralalgar 

•                                                       « 

Petro -Canada 
Clarkson 

• 

Shell  Canada 

• 

Texaco  Nanticoke 

• 

Esso  Petroleum 

• 

Petrosar 

The  lop  portion  ol  tNs  table  displays  the  technotogy  conponents  d  the  dittereni  treatment  alematives  suggested:  the  lower 
portion  indicales  which  treatmeni  aHemalives  apply  to  Uie  Individual  refineries. 
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Petroleum  Refining 

pH.   At  Petrosal,  Samia,  elimination  of  the  use  of  chromium  was  possible  through  raw 
materials  substitution  (MOE  1989).   Altemately,  organic  chemicals  can  be  used  to  replace 
zinc  and  chromium  solutions  used  in  cooling  towers. 


2.3.1    Wastewater  Reduction  and  Reuse 

Reduction  in  water  usage  is  effective  in  reducing  the  quantity  of  wastewater  from  refineries. 
Good  housekeeping  is  one  inexpensive  way  of  reducing  wastewater  production. 

A  major  process  change  that  can  reduce  wastewater  production  is  the  substitution  of  air 
cooling  devices  for  water  cooling  systems  as  instituted  at  die  Texaco  Nanticoke  Refinery.   It 
should  be  noted  however,  that  the  substitution  of  air  cooling  for  water  cooling  is  not  always  a 
practical  option.   The  major  limitation  in  retrofitting  these  systems  is  available  space. 

Reuse  of  many  of  the  streams,  such  as  treated  sour  waters,  cooling  tower  blowdowns,  and 
utility  blowdowns  is  also  possible.   These  streams  can  be  used  for  wash  waters  or  fire  system 
waters  (U.S.  EPA  1979).   In  Ontario,  this  may  not  be  practical  because  of  the  limited  amount 
of  fire  water  that  is  normally  used. 

Wastewaters  emanating  from  end-of-pipe  treatment  facilities  are  generally  of  such  quality  that 
reuse  for  make-up  to  cooling  towers,  pump  gland  cooling  system,  washdown  water,  and  fire 
systems  is  possible  (U.S.  EPA  1979). 


2.3.2     Wastewater  Treatment 

In  general  Ontario  refineries  have  two  treatment  streams.  The  dilute  effluent  stream  usually 
undergoes  a  primary  treatment  of  oil/water  separation  and  then  is  discharged  or  combined 
with  the  treated  process  water  and  discharged,  as  shown  in  Figure  2-1.   At  Petrosar,  the  dilute 
effluent  stream  is  very  small  and  so  is  combined  with  the  process  effluent  for  treatment. 

All  the  petroleum  refineries  in  Ontario  have  effluent  treatment  systems  for  process  effluent  or 
contaminated  wastewater  that  consists  of  two  primary  stages  of  oil/water  separation,  some 
form  of  intermediate  storage,  neutralization,  secondary  ffeatment  and  settling.   A  general 
schematic  of  a  petroleum  refinery  process  effluent  treatment  system  is  shown  in  Figure  2-2. 

At  two  refineries,  tertiary  treatment  of  wastewater  is  practised.   At  Texaco  Nanticoke, 
secondary  effluent  is  processed  through  dual  media  filters  for  further  TSS  removal.   Activated 
carbon  filtration  of  secondary  effluent  is  practised  at  Petrosar  to  provide  additional  removal  of 
soluble  organics  (DOC  and  /  or  TSS). 
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DILUTE  EFFLUENT 

once-through  cooling 

water,  boiler  blowdown, 

potentially  contaminated 

Btormwater,  etc. 


API 
Separators 


Corrugated 

Plate 
Separators 


Oil 
Skimmers 


DILUTION 

with  treated 

process  water 


Figure  2-1  General  Schematic  of  Dilute  Refinery  Eftluent  Treatment 
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Figure  2-2  General  Schematic  of  Contaminated  Refinery  Effluent  Treatment 
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Two  other  potential  methods  of  teniaiy  treatment  of  refinery  wastewaters  are  available: 
powdered  activated  carbon  addition  and  polishing  ponds. 

Powdered  activated  carbon  (PAC)  added  to  the  activated  sludge  system  for  removal  of 
organic  materials.   Additionally,  PAC  enhances  colour  removal,  clarification  and  system 
stability  as  well  as  BOD  and  COD  removal.   A  number  of  tests  of  PAC  addition  to  petroleum 
refinery  activated  sludge  systems  have  been  reponed  GJ-S.  EPA  1979).   Test  results  have 
shown  improved  BOD,  COD,  TSS,  and  ammonia  removals. 

Final  settling,  or  polishing  ponds  can  provide  additional  removal  of  TSS  and  dampening  of 
fluctuations  in  effluent  contaminant  levels.   Polishing  ponds  were  not  considered  by  U.S. 
EPA  as  a  control  and  treatment  technology  for  the  petroleum  refining  sector. 

As  described  earlier,  chemical  treatment  for  metal  removal  can  be  applied  as  an  in-plant 
control  technology.   However,  where  metals  are  originating  from  many  sources  within  the 
refinery,  end-of-pipe  metal  removal  may  be  required.   Chemical  precipitation  with  lime 
followed  by  clarification  is  the  appropriate  treatment  for  end-of-pipe  metal  removal.   It  should 
be  noted  that  metal  levels  in  the  refinery  effluents  will  likely  be  too  low,  as  a  result  of 
dilution,  to  be  treated  effectively  by  chemical  precipitation  at  the  end-of-pipe.   Thus,  metal 
removal  technology  should  be  used  as  an  in-plant  control  method. 

One  method  of  reducing  effluent  contaminant  loadings  to  the  receiving  water  is  the 
application  of  zero  discharge.    In  the  U.S.,  55  existing  refineries  have  reponed  zero  discharge 
(U.S.  EPA  1979).   This  is  accomplished  using  evaporation  or  jjercolating  ponds,  disposal 
wells,  leaching  beds,  or  surface  spray.   A  few  refineries  reponed  no  wastewater  generation  at 
all.   It  should  be  noted  that  although  these  disposal  methods  are  viable  alternatives,  their 
application  is  highly  dependent  on  the  specific  site.   Specifically,  plants  that  achieve  zero- 
discharge  arc  either  small,  or  located  in  arid  areas  with  high  evaporation  rates.   No  U.S. 
refinery  with  a  capacity  of  greater  than  360  mVd  (crude)  reponed  zero  discharge.   Therefore, 
due  to  the  size  and  complexity  of  the  Ontario  refineries,  as  well  as  the  climate  in  Ontario, 
zero  discharge  is  not  a  technically  feasible  alternative  for  Ontario  refineries. 

2.4      Contaminant  Removal 

Most  Ontario  refineries  are  presentiy  complying  with  the  MOE  effluent  requirements  for 
conventional  parameters,  including  ammonia,  phenols,  oil  and  grease  and  TSS.   Both  Petro- 
Canada  refineries  were  the  exception,  with  respect  to  phenols  and  solids.    Neither  of  these 
plants  provide  teniary  treatment.   One  study  found  that  the  Petro-Canada  Trafalgar  treatment 
system  was  not  optimized  to  obtain  the  maximum  possible  removal  of  contaminants  (CH2M 
Hill  1987).    It  should  be  noted  that  optimization  of  the  operation  of  the  secondary  treatment 
plant  should  result  in  sufficient  removal  of  conventional  parameters  for  the  plants  to  comply 
with  existing  guidelines.   Therefore,  teniary  treatment  of  complete  removal  of  toxic  pollutants 
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may  not  be  required  at  well  designed  and  well  operated  secondary  treatment  plants.   The  U.S. 
EPA  found  that  good  treatment  of  refinery  effluents  resulting  in  conventional  parameters 
below  the  compliance  limits  assures  control  of  any  trace  organic  compounds  (U.S.  EPA 
1979). 

The  results  from  the  first  6  months  of  MISA  monitoring  of  the  Ontario  petroleum  refining 
industry  (MOE  1989)  showed: 

Four  refineries  showed  average  daily  TSS  levels  above  the  15  mg/L  Effluent  Quality 

Objective  Levels. 

All  refineries  were  within  the  lOmg/L  average  guideline  for  oil  and  grease,  but  may 

have  exceeded  occasionally  on  a  single  day  basis. 

One  refinery  reported  average  daily  zinc  loadings  in  excess  of  the  Irag/L  objective. 

2.5  Treatment  Process  Alternatives  for  Refining  EiTIuents 

Secondary  or  tertiary  treated  effluents  and  dilute  wastewaters  arc  g^rally  combined  before 
discharge.   Therefore,  additional  removal  of  contaminants  fi"om  this  dilute  effluent  can  be 
provided  by  tertiary  treatment  of  the  combined  stream.   However,  treatment  of  the  combined 
stream  is  not  practical  and  greater  efficiency  can  be  had  by  treating  each  stream  separately 
before  combining. 

It  is  likely  that  the  combined  effluent  stream  in  this  sector  is  sufficiently  "clean"  and 
additional  treatment  may  not  be  necessary.   In  this  case  it  is  much  more  cost  effective  to 
apply  tertiary  treatment  only  to  the  process  water  effluent  stream. 

Table  2-4  presents  the  proposed  treatment  alternatives  for  refinery  effluent  streams  together 
with  the  alternatives  applicable  to  each  refinery.   Reponed  ranges  of  removal  efficiencies  of 
•  the  suggested  technologies  for  target  contaminants  are  listed  in  Table  2-5.   The  estimated 
removal  efficiencies  of  each  treatment  plan  arc  presented  in  Table  2-6. 

2.6  Treatment  Plan  Costs 

Estimated  costs  of  the  treatment  plans  outlined  in  Table  2-4  are  presented  in  Table  2-6.  The 
estimated  costs  include  total  capital  costs,  annual  operating  costs  and  total  annualized  costs. 
Costs  presented  in  these  tables  incorporate  economy  of  scale  factors  and  were  calculated  for 
different  flowrates  representative  of  these  refineries. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980)  and  from  in-house  information  on  total  construction  costs  from  recent  CH2M  Hill 
projects.   Total  capital  costs  include:  equipment  and  installation;  and  engineering  and  design 
outlays.   Land  costs,  which  are  highly  variable,  are  not  included  in  the  model.   Total 
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operating  costs  include:  labour,  maintenance;  power;  and  any  required  chemical  purchases  and 
waste  disposal.   Total  annualized  costs  are  equal  to  total  capital  costs  discounted  at  a  rate  of 
10  per  cent  over  30  years  plus  annual  operating  costs.   No  accommodation  was  made  for 
costs  savings  that  might  accrue  from  installing  more  than  one  technology  component  at  the 
same  time.   Costs  were  indexed  to  May  1989  values  using  the  Engineering  News  Record 
construction  index.   More  detail  on  the  economic  assumptions  utilized  is  provided  in  the 
Treatment  Technology  Costs  Appendix  (Appendix  B). 


2.7     Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

The  results  for  the  Minimum  Technically  Achievable  Loading  strategy  in  the  petroleum 
refining  sector  are  presented  in  Table  2-8.   Total  suspended  solids  is  the  contaminant 
evaluated. 

A  total  of  3  different  treatment  plans  are  included  in  the  strategy:  granular  media  filtration 
(GMF),  granular  activated  carbon  adsorption  (GAC)  and  granular  media  filtration  combined 
with  granular  activated  carbon  adsorption.   The  average  annualized  cost  for  the  sector  for  the 
maximum  degree  of  removal  is  estimated  to  be  about  $36  per  kilogram  of  TSS  removed.   The 
variation  in  cost  based  on  specific  plant  loadings  and  treatment  plan  is  large,  ranging  from 
$13  to  $300  per  kilogram  of  TSS  removed.   An  estimated  70  per  cent  of  present  TSS 
loadings  would  be  removed  from  the  wastewater  stream  of  petroleum  refineries  in  the 
Province. 

The  Minimum  Technically  Achievable  Loading  strategy  presented  in  Table  2-8  is 
representative  of  the  modelling  conducted.   The  Least  Cost,  Maximum  Allowable  Loading  and 
Maximum  Allowable  Loading  per  Unit  of  Production  strategies  can  also  be  estimated  by  the 
model.   Estimates  of  removal  efficiencies  and  wastewater  pollutant  concentrations  and 
loadings  can  be  revised  in  the  database  as  new  information  becomes  available.   Different 
combinations  of  technologies  can  also  be  developed  from  the  database  and  included  in  the 
strategy  modelling  as  better  information  and  data  become  available.   A  description  of  the 
modelling  methodology  is  provided  in  Appendix  C. 
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Treatment  Plan  Alternatives 


Treatment  Plans 

Treatment 
Technologies 

2-1 

Process 

Water 

2-2 

Process 

Water 

2-3 

Process 

Water 

2-4 

Process 

Water 

2-5 

Process 

Water 

Granular  Media  Filtration 

Granular  Activated 

Carbon 

Adsorption 

Powdered  Activated 
Carbon  Adsorption 

X 

X 
X 

X 

X 

X 
X 

Refineries 

2-1 

2-2 

2-3 

2-4 

2-5 

Suncor 
Petro-Canada 

Trafalgar 
Petro-Canada 

Clarkson 
Shell  Canada 
Texaco  Nanticoke 
Esso  Petroleum 
Petrosar 

X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 

X 
X 

The  top  porton  of  this  table  displays  the  technology  components  of  the  different  treatment  alternatives  suggested  the 
lower  pomon  indcates  which  treatment  alternatives  apply  to  the  indrviduaJ  refineries 
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Tabk  2-7:  Treatment  Plan  Costs  by  Source  -  Total  Capital, 

Operating  and  Annualized  Costs 


Source 


1989  Dollars 

TotaO 

Wastewater 

Operating2 

AnrujaJized 

Flow 

Total  Capitall 

Costs 

Costs 

(M3/PAY) 

Qosiè 

oerYear 

per  Year 

Granular  Activated  Cairbon  Adsorption 


Petro-Canada  Trafalgar 
McColl-Frontenac  Inc. 

4464 
6697 

$3  643  254 
$4  647  251 

$254  553 
$365  780 

$641  027 
$858  757 

Granular  Media  Hltration 

Petrosar  Process 

5  728 

$11664  454 

$307  603 

$1  544  959 

Granular  Media  Hltration  and  Gianular  Activated  Carbon  Adsorption 


Suncor  Process 

8  933 

$21  095  832 

$905  430 

$3  143  260 

Petro-Canada  Clarkson 

9299 

$21  642  298 

$936  732 

$3  232  531 

Shell  Process 

11916 

$25  345  501 

$1  157  780 

$3  846  412 

Esso 

26  253 

$41  926  790 

$2  320  278 

$6  767  840 

Granular  Media  Rltration  and  Powder  Activated  Carbon 


Suncor  Process 

8  933 

$16  347  775 

$1  281  934 

$3  016  094 

Petro-Canada  Clarkson 

9  299 

$16  768  941 

$451  046 

$2  229  883 

Shell  Process 

11916 

$19  625  004 

$1  671  063 

$3  752  869 

Esso 

26  253 

$32  451  300 

$3  507  181 

$6  949  591 

Powder  Activated  Caibon 

Petro-Canada  Trafalgar  4  464  $630  433        $431  046        $497  922 

McColl-Frontenac  Inc.  6  697  $712  020        $641220        $716  751 


Notes:  1 .  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Labour  +  Maintenance  -h  Power  +  Chemicals  +  Waste 
Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a  discount 
rate  of  10%)  -^Operating  Costs  per  Year^ 
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Petroleum  Refining 
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3.1      Industry  Description 

TA"::^  ASoZtroT^r"^^^  ^'T  t'^'  "^-"^^^'-  ^^^^^^^  ^-e.  on 
gas.  with  a  sn^all  poSon    f  a^^^   ^oZtlt'SLT'^'l  ^°"  ^^^^^^  ^  ^^^ 
derived  from  animal  fats  and  plant  soS:TsTiî ..  '""^  ""'^  '  '"^^"  P°^0" 

synthesis  of  organic  chert^als  i^c  ,  hT^  /^  ff  ^""""^  Petrochemicals  used  for 

benzene,  toluen'e,  ^élZtlT^:;:^^'  ^'^'^''"""'  ^^P^^^"^'  ^"-^Z^--' 

n^lïïIl^Z^/r;:^^^^^^^^^  ^y  a  -crac^ng.  process  f.,m  crude  oils  and 

fail  into  thr.  gene.  cate^gS:  org^Tc  ^nSt  ^S l^d  s^^^'^  ^^^^ 

other  organic'chemical  ma^;^^^^  as  several  products  from 

manufacturing  plants  in  O^t^o  Zl  "h  k    <!"        '°'^'  ^'^  "^  '^"^  ^^  organic  chemical 
direct  disch4ers  aid  U^ereftl  su^^t  to  MI^A  '""'''^''-   ^"'^  '^  ^^  ^"^  Plants  are 
organic  chemfcal  secto/^f ^ai  ^meS^'l^^^^^^  "^^''°"^  ^^^^  ^^«9)-   ^h^ 

Chemical  Industries.   HoweverTour  nb^rf  fr        .    exo^  ^°"P  *^^^2,  Industrial  Organic 
Industnes.  have  also  been  "c  ud^";?^  MO^        f  ""  ^°"P  *^'^'  ^'"^  ^^^^'^ 
Regulation  (ibid).   A  sumriaîy  ofthese  iQ^l^nr  ^"^°'"  °^  ^'^  ^^^^  '^«""«^ng 

discharge  volumes  wereTtTv^Ne  fo  !hi  ^'  ''  ^T'"'"^  *"  "^^^'^  ^-^-   Wastewater 
absence.  ^^'^  ^°'  '^'^  ^^^'°^-   ^"take  volumes  are  used  in  their 
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Organic  Chemical  Manufacturing 


Table  3-1  Summary  of  Direct  Dischargers  in  the  Ontario  Organic  Chemical 

Manufacturing  Industry 


Plant 

Location 

Faedttock* 

Intarmadlata  and 
Final  Products 

Appro  xl  mat* 
Inuka  Vol. 
(m'/day) 

B.F.  Qoodrtcti 
Canada  Inc. 

ThoroU 

Vinyl  diloride  monomer 

Polyvinyl  chloride 
Polyvinyl  acetate 

2;}00 

BTL  Industries  Inc. 
(BakaUte  Thermoslals 
Inc) 

Belleville 

Methanol 
AmnfKwiia 
Phenol 

Fomialdehyde 
Hexamelhylene  letramine 
Phenol -lormaldehyde 
Resins 

10,000 

Canadianoxy 
Chemicals  Ud. 

Fort  Erie 

Nonyt  phenol  and  phenol 

Cresol 

Fom:\aldehyde 

Catalysts 

Furtural 

Furturaldehyde 

Pttenol-  and  lurtural 
lonnaldehyde  resins 
Ethylene  bis-slearamide 
wax 

330 

Celanese  Canada 
Inc. 

Kingston 

Ethylene  glycol 
Terephlhalic  ackj 

Polyester  staple 
Ibre,  Tire  yam 

13.000 

CofDwal  Chemicals 
Ud. 

Cornwall 

Natural  gas 

Sulphur 

Chlorine 

Cartx>n  (tsutphide 
Carbon  tetrachloride 
Chlorinated  parattins 

800 

Coutlaukto  Fbrea 

Canada 

(A  Olv.  ol  Courtaulds 

Fbres  Inc.) 

Comwal 

Pulpwood 
Caustic 

Caition  disulphlde 
Sulphuric  ackJ 
Zinc  sals 

Rayon  (tore 
Raw  viscose 

12.000 
(to 

CortauMs 
Flms  also) 

Coulaulds  Rms 

Canada 

(A  Div.  ol  Int.  Paints 

Canada  Ltd.) 

ComwaQ 

Raw  visooee 
Pdyvlnylidene  chloride 
Toluene 
Tetrahydroluran 

Celophane 

(aae 
aboM) 

Oomtarlnc. 

Longlord 
Mills 

Fatty  acids  &  alcohols 
Alkylated  phenols 
Ethylene  oxide 
Aikyl  benzenes 
Sulphur  irioxide 
Ethanolamines 
Amines 
Akyl  chloride» 

Ethoxytates 
Non-4onic  detergents 
Non-tone  akanolamides 
Calionic  laOow  amine 
Ammorwjm  chlortdes 

aoo 

QE  Plastics 
Canada  Ud. 

Cobouts 

Acryionitrile 
Siryene 

Polybutadiene  latex 
Peroxide  inKialors 
Pigments 

ASS  resirts 
inermediate  latex 

1.700 
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Organic  Chemical  Manufacturing 

Table  3-1  Summary  of  Direct  Dischargers  in  the  Ontario  Organic  Chemical 

Manufacturing  Industry  (cont'd) 


Location         FaMlttockt 


Intermediate  and 
Final  Products 


Appro  X. 
Intake  Vol. 
(mVd) 


Dow  Chemical 
Canada  Inc^ 


Vinyl  ctikxide  monomer 

Propylene  oxide  arid 

glycols 

Chkxine  artd  caustic 

Anhydrous  hydrochloric 

aad 

Slyrene  and  polystryene 

Latex 

Ethybenzene 

Chkxlnaied  solvems 

Epoxy  resins 

Polyethylene 


Du  Poni  Canada  Inc. 


Ethylene 
Butene/ociene 
CycJohexar)e  solution 


Polyethylene  resins 


46.000 


Ou  Pont  Canada  Inc. 


Kingston 


AdIpIc  acid 

Hexamethytene  diamine 
Biptienyl/biphenyl  oxide 
Fatty  acids 
Natural  oils 


Nykxi66 


Ou  Pont  Canada  Inc. 


Adipic  add 

Hexmethylene  diamine 
Chlorolluorocartxins 
Spandex  yams 
Nykxi  66  resins 
Oibasic  acids 
Hydrocnionc  add 
Hydrogen  peroxide 


Esso  Chemical 
Cartada 


Polyvinyl  chlonde  (PVC) 

Polyethylene 

Fuel  and  ktie  oil 

additives 
Naphthas 
C5-C15olelins 
Aromatics 
Bhytene 


Ethyl  Canada  Inc. 


Lead-sodium  alloy 
Ethyl  chkjnde 


Tetraethyl  lead 
Telramelhyl  lead 
Ethyl  chlonde 
Diesel  ignition  improvers 
Aluminum  alKyls 


33.300 
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Summary  of  Direct  Dischargers  in  the  Ontario  Organic  Chemical 
Manufacturing  Industry  (cont'd) 


Appro  X. 

Intermediate  and 

Intake  Vol. 

Plant                               Location 

Feedstocks 

Final  Products 

(m'/d) 

NOVA  Petro-                      Samia 

Relined  oil  fractions 

Variety  o(  Inc. 

290.000 

chemicals  Inc. 

rubbers 
Slyrene 
Elhytt}en2er« 
Iscbutylerw 
Butadiene 

Novacor  Chemicals  Ud.       Samla 

High  and  low  density 
polyethylenes,  poiy- 
meric  oils  and  waxes 

ZfiOO 

Rohm  and  Haas                  Morris- 

Methacryiic  acid  esters 

Plexiglass 

500 

Canada  Inc.                         burg 

Alcohol  esters 

Oi  additives 

Uniroyal  Chemical                Elmira 

Rubber  ctiemicals 

5M0 

Ud. 

Lk)uid  urelhanes 
Pesticides 

Antioxidams/stabilizers 
Water  treatment  ct>emicals 
Nonyl  phenol 

Source:  MOE  1967:  MOE  1088. 

3.2     Wastewater 

The  range  of  raw  materials  and  processes  employed  in  the  organic  chemical  industry  results 
in  process  wastewaters  of  varying  composition.   A  wide  variety  and  concentration  range  of 
pollutants,  originating  from  raw  materials,  reactants,  products,  and  by-products,  include  both 
conventional  and  persistent  toxic  contaminants.   Conventional  pollutants  which  may  be 
present  in  the  wastewaters  of  the  organic  chemical  manufacturing  industries  include  acids, 
bases,  suspended  solids,  oil  and  grease,  organic  carbon  and  nitrogen.   Toxic  pollutants  which 
may  be  present  include  metals,  phenols,  and  chlorinated  and  polyaromatic  hydrocarbons. 

Concentration  and  loading  data  for  the  19  plants  from  the  MOE's  IMIS  database  are 
summarized  in  Table  3-2  and  Table  3-3.   This  was  the  most  current  source  of  data  available 
when  this  repon  was  prepared  but  a  superior,  more  comprehensive  data  set  will  be  MISA 
monitoring  data  for  the  organic  chemical  sector  which  will  be  available  in  October  1990. 


Final  Report  -  Primed  25  March  1991 


3-4 


>.  o  5 
c  2  oi 
Soi. 

S- 
•a  •  p 
=  £  oi 
oof. 


S81, 
.c  =  S> 


o  « 

C    OI 


6      _ 

E  2  s 

E  a  g» 


zs 


il 


£ 


■S 

CQ 

o 

mi 


8s 


«1 


S  «0 


I-      £ 


S     §     ? 
=>     SI      I 


>-    «    »- 


^    « 


I    I 


J  1 

It! 

8  E  i 
s|  8 

CO    *^      © 

^  —  £ 


1  " 


O   3C 


8     £ 


^  -2  I  ^  „ 

o^  8  o  5 


5  o  £. 


«2? 


|8i 


01  Q 


RS 


If 


•-       o 
•-■       b 


îsi: 


{2E 


«J       o. 


el 


s     3 

«       b 


81 


of» 


CN         S 


e      S! 


7     S 


«I 


S     §     ? 

°        N        I 


$3 

s 

lO 

9 

e 

s  ?  £ 
•»  n  cvj 
S        »        c« 


S  c 


r-        r>         •- 

i   I   i 


I    I 


1  I 

a    6 


55 


11 

as 


I     ^ 


Organic  Chemical  Manufacturing 


3.3     Control  and  Treatment  Technologies 

This  section  addresses  control  and  treatment  technologies  currently  used  in  the  organic 
chemical  manufacturing  industry  either  in  Ontario  or  the  United  States.   The  treatment 
technologies  are  divided  into  in-plant  technologies,  in-plant  treatment  and  end-of-pipe 
treatment  technologies.   Figure  3-1  illustrates  treatment  processes  appropriate  for  the  organic 
chemical  sector.   A  description  of  these  processes  follows  a  discussion  of  in-plant  source 
controls  below. 


3.3.1    In-Plant  Source  Controls 

In-plant  source  control  refers  to  process  or  operating  techniques  used  to  either  reduce  the 
quantity  or  improve  the  quality  of  a  wastestrcam  within  a  plant.   In  the  U.S.,  in  order  to  meet 
effluent  requirements,  a  number  of  in-plant  controls  have  been  implemented.   These  are 
discussed  below. 


Process  Modification 

Older  plants  were  sometimes  designed  without  regard  for  raw  material  or  water  consei^'ation. 
As  costs  have  increased  and  local  environmental  regulations  have  become  more  stringent, 
manufacturing  processes  have  been  modified.   For  example,  plants  which  once  used  batch 
processes  have  gone  to  continuous  operation.   By  doing  so,  wastewaters  containing  spent 
solvents  or  caustic  which  are  generated  in  between  batch  cleanup  are  eliminated.  As  a 
consequence,  production  yields  increase  and  overall  waste  generation  is  reduced. 


Instrumentation 

An  important  source  of  pollutant  loading  in  the  organic  chemical  manufacturing  sector  arc 
occasional  process  upsets  resulting  in  discharge  of  products,  raw  materials  or  by-products. 
More  sophisticated  instrumentation  can  reduce  the  frequency  of  these  occurrences.   Alarms, 
pH  and  flow  sensors  are  capable  of  early  detection  of  process  upsets.  If  these  are  coupled 
with  added  operator  training,  the  pollutant  loadings  can  be  measurably  reduced. 


Solvent  Recovery 

The  recovery  of  waste  solvents  has  become  common  practice  among  plants  using  solvents  in 
their  manufacturing  processes.    It  is  also  possible  to  institute  further  measures  to  reduce  the 
amount  of  waste  solvents  discharged.    Reduction  measures  include  incineration  of  solvents 
that  cannot  be  recovered  economically,  incineration  of  bottoms  from  solvent  recovery  units, 
and  design  and  construction  of  better  solvent  recovery  columns  to  strip  solvents. 

Final  Report  -  Printed  25  March  1991  3-7 


u 


> 
S-  I 


I:? 


5  2 
S    S. 


0  I — 

> 

5  o. 

1  8 

a. 


fî 
II 


••  b: 


l-J 


>  9 


S.  Sî 

s- 


?? 


Organic  Chemical  Manufacturing 


Water  Reuse,  Recovery  and  Recycle 

The  use  of  barometric  condensers  can  result  in  significant  water  contamination,  depending  on 
the  nature  of  the  materials  entering  the  discharge  water  streams.   As  an  alternative,  surface 
condensers  will  reduce  hydrauhc  or  organic  loads. 

Water-sealed  vacuum  pumps  often  create  water  pollution  problems.   Several  plants  use  a 
recirculation  system  as  a  means  of  greaUy  reducing  the  amount  of  water  being  discharged. 
Reduction  of  once-through  cooling  water  by  recycling  through  cooling  towers  is  a  common 
method  of  decreasing  total  discharge  volumes. 

Process  modifications  allowing  for  enhanced  wastewater  recycle  have  been  applied  in  the  US, 
with  24  facihties  reporting  that  through  wastewater  recycle  they  can  achieve  zero  discharge 
(U.S.  EPA  1983). 

Product  Substitution 

In  some  cases,  plants  will  substitute  the  production  of  one  product  for  another  because  the 
production  of  the  second  will  result  in  a  better  quality  effluent.   In  this  study,  a  couple  of 
U.S.  facilities  were  identified  that  simply  discontinued  producing  a  product  because  the 
effluent  contained  phenols  above  the  regulatory  hmits.  The  economics  of  the  situation  were 
such  that  discontinuing  this  product  line  was  less  expensive  than  the  treatment  that  would  be 
required  to  meet  effluent  limits. 

Best  Management  Practices 

Best  management  practices  (BMP's)  include  these  activities  which  prevent  the  discharge  of 
contaminants  in  the  stormwater  as  a  result  of  leaks,  spills,  etc.   BMP's  involve  good 
housekeeping,  dry  clean-up  of  spills,  spill  containment,  employee  training  etc.   BMP's  will  be 
used  as  a  pan  of  the  MISA  program  to  control  the  quality  of  stormwater  discharges. 


3.3^    In-Plant  Treatment 

In-plant  treatment  technologies  refer  to  technologies  used  to  remove  pollutants  from  a  specific 
waste  stream  before  it  is  diluted  with  the  plants  overall  wastewater.   This  type  of  control  is 
usually  designed  to  treat  toxic  or  priority  pollutants.   Descriptions  of  in-plant  technologies 
used  in  Ontario  and  US  plants  follow. 


Activated  Carbon  Adsorption 

Adsorption  on  granular  activated  carbon  (GAC)  is  an  effective  and  commercially  established 

means  of  removing  dissolved  organic  species  from  aqueous  waste  stream.   In  the  US,  more 
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than  100  plants  in  the  organic  chemical  manufacturing  industry  employ  this  in-plant  treatment 
technology  (ibid). 


Metal  Removal 

Heavy  metals  even  at  low  levels  can  inhibit  biological  activity  and  thereby  lower  the 
efficiency  of  an  end-of-pipe  biological  treatment  system.  Technologies  well  established  for 
metal  removal  include  precipitation  with  hydroxide  or  sulphide,  followed  by  precipitate 
removal  by  sedimentation  and/or  filtration. 


Steam  Stripping 

Steam  stripping  is  used  to  remove  volatile  materials  from  the  waste  streams.  In  the  U.S. 
three  plants  report  using  steam  stripping  as  an  in-plant  technology.   In  Ontario  steam  stripping 
is  employed  by  two  plants  (MOE  1988). 


Liquid-Liquid  Extraction 

Liquid-liquid  extraction  (LLE)  is  a  process  used  to  separate  certain  components  from  a 

solution  by  contacting  the  solution  with  an  immiscible  liquid  that  has  a  higher  solubility  for 

the  components  of  the  solution  than  it  does  for  the  solution  contacted.   There  were  no  data 

available  for  LLE  processes  at  U.S.  plants,  and  in  Ontario,  no  plants  utilize  this  process  at 

present. 


Oxidation 

Oxidation  treatment  processes  include  both  wet  and  chemical  oxidation.   Wet  oxidation  is  a 
commonly  used  process  in  which  an  aqueous  waste  can  be  oxidized  in  a  closed,  high 
temperature,  high-pressure  vessel.   This  process  is  particularly  applicable  for  treatment  of 
wastes  with  high  organic  content.   The  application  of  chemical  oxidation  using  oxidizing 
agents  is  well  established  for  cyanide,  sulphides,  ammonia,  and  another  substances.   No  data 
were  available  for  application  of  oxidation  at  U.S.  plants.  In  Ontario,  one  facility  uses  wet- 
oxidation  as  an  end-of-pipe  treatment. 
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3.3  J    End  of  Pipe  Treatment 

End-of-pipe  treatment  refers  to  processes  that  treat  a  combined  plant  waste  stream  for 
pollutant  removal  prior  to  discharge.   End-of-pipe  facilities  are  in  place  to  allow 
manufacturers  to  discharge  their  wastewater  directly  to  a  receiving  water  body.   Depending  on 
the  nature  of  pollutants,  the  strength  of  the  wastes  and  the  degree  of  removal  required, 
different  combinations  of  available  technologies  may  be  required. 


Primary  Treatment 

Primary  treatment  processes  include  equalization,  neutralization,  clarification,  chemical 
precipitation,  and  flotation. 

Equalization  consists  of  a  wastewater  holding  vessel  which  dampens  flows  and/or  pollutant 
concentration  variations  to  permit  a  nearly  constant  discharge  rate  and  water  quality.   It  is 
used  at  two  plants  in  Ontario. 

Neutralization  is  the  addition  of  either  caustic  or  acid  to  raise  or  lower  the  pH  of  the 
wastewater  scream.   Nine  US  plants  use  neutralization  as  their  principal  treatment  method,  and 
104  others  use  this  process  as  part  of  their  treatment  system.   In  Ontario,  four  plants  rcpon  a 
neutralization  process. 

Clarification,  in  this  context,  is  the  removal  of  solid  panicles  from  wastewater  through  gravity 
settling.   In  the  US,  eight  plants  use  clarification  as  the  principle  component  of  their  treatment 
system,  and  94  use  clarification  as  pan  of  their  treatment  system,  either  with  or  without 
chemical  addition.   Two  Ontario  plants  incorporate  clarification  as  a  primary  treatment 
method. 

Chemical  precipitation  is  the  addition  of  a  chemical  that  will  enhance  solids  removal.   It  can 
also  be  used  for  metal  removal.   Chemical  precipitates  settle  by  gravity  in  a  clarification 
basin.   In  the  US,  3  plants  repon  using  chemical  precipitation  as  the  principal  component  of 
their  treatment  system,  and  15  plants  use  this  technology  as  pan  of  the  total  system.   In 
Ontario,  chemical  precipitation  is  not  used  at  any  plants. 

Flotation  is  used  to  remove  oils  and  other  suspended  substances  with  densities  less  than  that 
of  water.  Six  plants  in  the  US  use  flotation  as  pan  of  their  total  treatment  system  while  it  is 
only  used  for  oil/water  separation  at  two  plants  in  Ontario. 
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Secondary  Treatment 

Technologies  classified  as  secondary  treatment  are  generally  biological  processes  and  serve 
the  primary  function  of  removing  dissolved  carbonaceous  pollutants  as  represented  by  BOD, 
COD,  and  TOC  measurements.   Biological  systems  may  also  be  designed  to  remove 
nitrogenous  pollutants  (ie.  ammonia). 

Aerobic  biological  treatment  systems  include  conventional  or  modified  activated  sludge, 
aerated  lagoons  and  attached  growth  systems  (i.e.,  trickling  filters).   With  the  exception  of 
lagoons,  a  settling  step  is  required  after  biological  treatment  to  remove  the  biological  solids 
from  the  treated  wastewater.   Ammonia  and  nitrate  nitrogen  are  removed  using  a  nitrification 
and  denitrification  process. 

In  the  US,  31  plants  reponed  using  activated  sludge,  and  three  plants  reponed  using  trickling 
filters.   In  Ontario,  biological  secondary  treatment  is  used  at  1 1  of  the  20  organic  chemical 
manufacturing  plants.   At  one  plant,  a  nitrification/denitrification  process  is  also  used. 


Tertiary  Treatment 

Tertiary  treatment  or  'polishing'  is  used  where  secondary  treatment  does  not  produce  a 
satisfactory  effluent.   Some  of  the  unit  operations  used  in  tertiary  treatment  may  also  be  used 
as  in-plant  treatment  options.   Ternary  processes  include  polishing  ponds,  powdered  activated 
carbon  treatment  (PAC),  granular  activated  carbon  (GAC)  absorption,  and  granular  media 
filtration. 

Polishing  ponds  primarily  serve  the  purpose  of  reducing  suspended  solids  follov/ing  biological 
treatment.  Thiny  four  plants  in  the  U.S.  and  three  plants  in  Ontario  have  polishing  ponds. 

Powdered  activated  carbon  treatment  is  the  addition  of  PAC  to  the  aeration  basin  in  the 
activated  sludge  process  for  enhanced  removal  of  dissolved  carbonaceous  matter.  This 
treatment  is  used  by  six  U.S.  plants  as  their  principal  end-of-pipe  treatment. 

Granular  media  filtration  may  be  employed  to  polish  existing  biological  effluent,  to  prepare 
wastewater  for  recirculation  or  GAC  treatment,  or  to  enable  direct  use  of  discharged  treatment 
wastewater.   The  filtration  of  a  secondary  effluent  will  remove  additional  BOD  and  TSS. 
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3.3.4    Other  Wastewater  Treatment  or  Disposai  Methods 

Wastewater  discharge  or  disposal  methods  other  than  direct  or  indirect  discharge  are  used  by 
94  organic  chemical  manufacturing  plants  in  the  U.S..   These  methods  include  incineration, 
evaporation,  surface  impoundment,  land  application,  deep  well  injection,  contract  hauling  and 
off-site  treatment.   There  are  no  data  on  the  extent  to  which  these  methods  are  used  by 
Ontario  plants. 

3.4     Potential  Treatment  Plans 

Table  3-4  presents  a  summary  of  the  existing  wastewater  streams,  the  existing  treatment,  and 
additional  end-of-pipe  treatment  technologies  which  could  be  considered  to  reach  a  higher 
level  of  contaminant  removal  for  wastewater  streams  produced  by  organic  chemical  sector 
plants  in  Ontario.   In-plant  treatment  technologies  could  not  be  examined  because  information 
was  not  available  for  individual  process  streams.   The  technologies  for  each  plant  were 
developed  using  the  IMIS  concentration  data  (presented  in  Table  3-2  and  Table  3-3)  where 
they  were  available  and  the  priority  contaminants  identified  for  each  stream  by  the  MOE 
(MOE  1988).   Table  3-5  presents  the  estimated  contaminant  removal  efficiency  of  each 
treatment  plan. 

The  treatment  selections  presented  are  based  on  the  above  limited  information  which  was 
available  at  the  time  this  report  was  written.  They  may  be  inappropriate  for  the  actual 
contaminant  loadings  present  in  Organic  Chemical  Sector  effluents.  The  Organic  Chemical 
Sector  monitoring  data  will  be  available  at  the  end  of  1990,  and  will  provide  comprehensive 
data  on  actual  contaminant  loadings  discharged  by  the  sector  facilities  which  will  come  under 
the  MISA  Regulation.   The  treatment  plans  presented  will  hkely  require  revision  when  these 
data  are  available. 
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fable  3-4  Summary  of  Treatment  Processes  for  Organic  Chemical  Manufacturers' 


Company  Nam* 

Watte 
Stream 

Stream 
Description 

Potential  Parameters 
of  Concern 

Existing 
Treatment 

Potential  Additional 
Treatment  to  Existing 
System 

B.F.  Qoodricti 
Canada  Inc. 

1 

Emulsion  process 
wastewater  and 
coobng  lower 
blowdown 

Cyanide,  pH, 
Ammonia,  TKN, 
Nttrate/nilrie, 
TOC/DOC,  TP,  TSS. 
VSS.  Vmyl 
chloride.  Oil  & 
grease 

Equalization 
Neutralization 
Activated  sludge 
Secondary  dariticalion 

2 

Suspension 
process  wastewater 

As  above 

Air  stripping 

3 

EJiluents  No.  1 
and  No.  2 

As  atxjve 

Aeration  pond 
Polshing  lagoon 

QMF 

GACA 

4 

Waste  PVC  and 

thickened  sludge  pond  leachale 

As  above 
Batch  discharge 

Leachaie  portd 

GACA 

BTL  Industries 
Inc. 

1 

Process  waste- 
waters 

No  data 

Discharged  to  sanitary 
sewer 

2 

High  strength  process 
wastes  Irom  resin  plant 

No  data 

Inoneraled  on-site 

3 

Contaminated  cooling 
water,  storm  water, 
yard  runoti 

Ammonia,  TKN, 
TCX;/0OC,  TP,  TSS, 
Ptienolics,  Toluene 
OH  &  grease 

None 

GUf 
GACA 

Q.E.  Plastics 
(Canada)  Ud. 

1 

Process  ellluenls  Irom 
resins  and  compound- 
ing areas 

Cyanide,  pH, 
Ammonia,  TKN, 
Nitrite/nHrale. 
DOCn"OC,  TP, 
Tss,  VSS,  Metals  (Al. 
Cu.  Zn,  Hg), 
Phenolics.  Slyrene, 
Acrylonilrile,  Oil 
&  grease 

Screening 
Equalization 
Neulmli7Rtion 
Primary  dariticalion 

Sedimentation 
with  Chemical 
AddHon 

2 

Conlaminale  cooling, 
«term  waler  and  yard 
rvirrotl  ♦  No   1  etilueni 

Dilute,  as  above 

Extended  aeration 
Secondary  dariticalion 

GMF 
GACA 

Canadianoxy 
Chemicals  Lid 

1 

Reaction  water  Irom 
P/F  resin  kettles 

No  data 

Dsiiled  and  shipped 
ofl-«le 

2 

Cooling  ¥»aler  Irom  P/F 
area,  storm  waler 

pH,  Ammonia. 
TKN.  DOOTOC.  TP. 
TSS.  VSS.  Pf>enolics. 
oil  &  grease 

No  treatmeni 
(Abatement  program  lo 
oor\ssl  d  water 
rearcUation.  storm 
waler  retention  system 
in  1968  -  Hel  3) 

GACA 
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able  3-4  Summary  of  Treatment  Processes  for  Organic  Chemical  Manufacturers'  (cont'd) 


Company  Name 


Wasta     Sueani 
Stream    Description 


Potential  Parameters 
of  Concern 


Existing 
Treatment 


Potential  Additional 
Treatment  to  Existing 
System 


Celanese 
Canada  Inc. 


Cornwall 
Chemicals 


Courtaulds  Fbres 
Canada 


Counaulds  Rims 
Canada 


Process  eilluents,  some 

pH,  Ammonia,  TKN. 

Activated  sludge 

GMF 

cooling  waler, 

TOC/DOC,  IP,  TSS, 

GACA 

efllueni    trom  site 

VSS,  Copper,  zinc. 

sanitary  treatment  plant 

Ptienollcs.  Oil  & 
grease 

Cooling  waler.  storm  waler 

As  above,  dilute 

No  Irealmenl 

Process  eilluents 

pH,  DOC/TOC.  TP. 

Neulraiizalon 

Activated  sludge 

TSS.  Zinc.  Mercury. 

Settling  pond 

lrealn>enl 

Sulphide.  1,3- 

Secondary 

Dichlorcbenzene, 

darHicalion 

CartMn  letra- 

GACA 

ctiloride.  Chloroform, 

Telrachloroelhytene, 

Trichloroelhylene, 

Benzene,  Toluene, 

O-xylene,  M,  and  p. 

xylenes,  Oil  & 

grease 

Storm  waler  and  cooling 

As  at>ove,  dilute 

No  treaiment 

GMF 

waler  *  No.  1  ettkjenl 

GACA 

Process  eilluents, 

Nitrale/nHrile, 

None 

Ch.Redn. 

cooling  waler  *  No.  1 

DOC/TOC,  TSS,  VSS, 

Sedimentation 

from  Counaulds  lilms 

Aluminum,  Chromium, 

with  chemical  addition 

Lead,  Znc, 

Biological  treatment 

Hexavaleni  Cr, 

GMF 

Phenolics,  Sulphide, 

GACA 

Process  eilluents,  non- 
contact  cooling  water 


Cooling  waler,  storm 
waler 


Chlorolorm.  Toluene, 
PentacWorophenol, 
OH  &  grease 

As  above  (dilute) 

Reler  to  No.  1  ol 
Courtaulds  Fbres 

As  above  (dilute) 


Discharge  through  munidpal 
storm  sewer 


Process  eilluents, 
tx>iler  blowdown  and 
■lorm  water 


Norvcontact  cooling 
water  *  No.  t  etlluent 


Ammonia.  TKN. 
Nitrate/ndrrle, 
TOC/DOC.  TSS,  Metals 
(Al.  Cu,  Zn.  Hg). 
Phenolics,  Cartxxi 
telrachlohde, 
Chlorotorm.  Oil  &  grease 

As  above  (dilute) 


Aerated  lagoon 
Secondary  dariticalion 
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fable  3-4  Summary  of  Treatment  Processes  for  Organic  Chemical  Manufacturers'  (cont'd) 


Company  Nam* 

CX)W  Chemical 
Canada  Lid. 

Waate 
Stream 

1 

SUeam 
Description 

Process  elduenls  Irom 
3  processes 

Potential  Parameters 
of  Concern 

No  data 

Existing 
Treatment 

Steam  stripping 

PotanUal  AddlUonal 
Treatment  to  Existing 
System 

2 

Process  ellluenis  Irom 
lour  processes 

No  data 

Biological  lrealnr)enl 

3 

Bfluents  ol  1  *2 

No  data 

No  treatment 

GMF 
GACA 

DuPonI  Canada  Inc. 
Corunna 

1 

Process  etlluenls,  spent 
cooling  water,  storm 
water 

DOC/TOC,  TO.  TSS. 
Phenolics.  Oil  & 
grease 

Pellet  skimming  pond 
Final  skimming  pond 

QACA 

DuPont  Canada  Inc. 
Kingston 

1 

Process  effluents 

TKN.  TOC/OOC.  TP. 
TSS.  Aluminum, 
Phenolcs.  Oil  & 
grease 

Trickling  filter 
Elflueni  discharges  to 
saniiar   sewer 

2 

Process  ellluents  Irom 
staple  and  tiake  area, 
cooling  water,  stomi  water 

As  above  (dime) 

Catch  tank/skim  pond 

GMF 
GACA 

DuPoni  Canada  Inc. 
Maitland 

1 

Process  ellluenis 

Cyartde,  TKN. 
Ammonia,  Nitrate/ 
nitrite.  TOC/OOC. 
TP.  TSS.  Cobott, 
Copper,  Arsenic, 
Phenolics,  Chkxo- 
lorm,  Oil  &  grease 

Biok>gical  treatment 
NltrificaliorVdenttrtl- 
icalion 

Ch.Ozid. 

QIWF 

QACA 

2 

Once  thru  cooling  water 
♦  No.  1  etlluert 

As  above  (dilute) 

Detention  ponds 

Esso  Chemical 
Canada 

1 

Potentially  contaminated 
wastewater 

TOC/DOC.  TP.  TSS, 
Copper,  Znc.  Vinyl 
Chloride,  Benzene. 
Slyrene.  Toluene. 
O-xytene,  M  and 
p-xylenes.  Oil  & 
grease 

Oil/water  separation 

OHy  water  impounding  basn 

Filtration 

GAC  adsotption 

2 

•Clean  watei*  (PVC  process 
walet,  polyethylene  contact 
water,  cooUng  lower  blow- 
down,  storm  water)  ♦  No  1 
eltluent 

As  above,  dilute 

Clean  water  Impounding 

basin  with  son>e  btological 
sludge 

GACA 
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rable  3-4  Summary  of  Treatment  Processes  for  Organic  Chemical  Manufacturers'  (cont'd) 


Company  Name 
Ethyt  Canada 


Waste 
Stream 


Stream 
Description 


TEL  wastewater 


Ethyl  chloride  production 
wastewater 

Ellluents  No.  1  «  No.  2 

Storni  water,  OTCW  and 
eHluenl  No.  3 


Parameters 

Existing 

o(  Concern 

Treatment 

Nitrile/nitrale, 
TOC/DOC.  TSS. 

Sludge  pit  lor  lead 
settling 

Aluminum.  Lead, 
Chloromelhane, 
Ehtylene  dbromide. 
Methylene  chloride. 

NeutraJizalion 
Sodium  bofohydride 
addition  to  reduce  akyi 
lead 

Tetra-  elhyl  lead, 
Tri-elhyl  lead, 
Phenolics. 

Senling 
Fillralion 

1,1  Dichlofoelhane, 

1^  Dichlofoethylene, 
Acenaphthylene, 
Acenaphlhene, 
Fluorene, 

Naphthalene,  Oil  & 

grease 

As  above 

As  above 

As  above  (dilute) 


Potential  Additional 
Treatment  to  Existing 
System 


Neutralization 
QAC  adsorption 


Novac»r  Chemicals 
Ltd. 


Spent  boiler  and  cooling 
tower  Wowdown,  etlluent 
irom  on-site  sanitary 
treatment  plant 

Stormwater 


TOC/DOC,  TSS. 
Chromium,  Arsenic, 
Hexavalent  Cr,  Oil  & 
grease 


Senling  pond 
Neulralizatlon 
Fillralion 
Biological  treatment 

Relerïion  porvis  with  traps 
lor  polyethylene  pellets 
Settling  pond 


Chem  red'n. 
chemcal  preapnalion 
pnor  to  settling  pond 


NOVA  Petro- 
chemicals Inc. 


Process  wastewater 


Process 

OTCW,  storm  water 


Cyanide,  Ammonia, 
TKN,  DOC/TOC.  TP. 
TSS,  Aluminum,  Zinc, 
Chromium,  Phenoics, 
VolalUe  Organic 
Cartx>n  Compounds 
Oil  &  grease,  PCBs 

As  above  (dilute) 

As  above  (dilute) 


Biological  treaimem 


Gran,  media  filtration 
QAC  adsorption 


None 
None 
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Table  3-4  Summary  of  Treatment  Processes  for  Organic  Chemical  Manufacturers'  (cont'd) 


Company  Name 

Waste 
Stream 

Stream 
Description 

Parameters 
of  Concern 

Existing 
Treatment 

Potential  Additional 
Traatmeni  to  EJdsting 
System 

Rohm  and  Haas 
Canada  Ud. 

1 

Process  st/eams  (rom  oil 
additives  plant 

DOC/TOC.  TSS, 
Phendics.  Oil  & 
grease 

Oi/waler  separation 

2 

Process  ediuenls,  cooling 
water  •►  No  1  etlluenl 

As  above 

None 

Clarificalian 
GMF 

3 

Slofin  water 

As  above  (dilute) 

None 

Uniroyal  Chemical 
Ltd. 

1 

Process  eltluents 

No  data 

Wet  air  oxidatian 
QAC  adsorption 
Discharge  to  sanitary 
sewer 

2 

Cooling  water,  storm 
water 

OOCn-OC.  TP.  TSS. 
Copper,  Sulphide, 
Oil  &  grease 

None 

GMF 

Sources:  MOE  1967  and  MOE  1988 

1 .  The  inlormation  in  this  tabte  is 

subject  to  change  because  of  continually  changing  plant  operations 

arid  efforts  to  reduce  etflueni  contamnani  (oadngs. 
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3.5     Treatment  Plan  Costs 

Estimated  costs  of  the  potential  additional  treatment  processes  by  plant  outlined  in  Table  3-4 
are  presented  in  Table  3-6.  The  estimated  costs  include  total  capital  costs,  annual  operating 
costs  and  total  annualized  costs. 

The  treatment  plans  developed  account  for  the  range  of  existing  treatment  existing  in  the 
sector.   It  should  be  noted  that  very  little  information  was  available  from  the  MOE 
development  document  on  existing  treatment  specific  to  each  of  the  major  processes  outlined 
at  the  beginning  of  this  chapter.   For  this  reason,  the  treatment  plan  costs  outlined  here  focus 
on  final  effluent  only.   It  should  also  be  recognized  that  because  final  effluent  may  be  diluted 
by  non-contact  cooling  and/or  storm  water  before  final  discharge,  the  limits  of  cenain 
treatment  technologies  may  be  exceeded.   Therefore,  the  following  treatment  plans  should 
eventually  be  applied  only  with  regard  to  MISA  final  effluent  data  as  they  become  available. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980)  and  from  in-house  information  on  construction  costs  from  recent  CH2M  Hill  projects. 
Total  capital  costs  include:  equipment  and  installation;  and  engineering  and  design  outlays. 
Land  costs,  which  are  highly  variable,  are  not  included.   Total  operating  costs  include;  labour, 
maintenance;  power;  and  any  required  chemical  purchases  and  waste  disposal.   Total 
annualized  costs  are  equal  to  total  capital  costs  discounted  at  a  rate  of  10  per  cent  over  30 
years  plus  annual  operating  costs.   No  accommodation  was  made  for  costs  savings  that  might 
accrue  from  installing  more  than  one  technology  component  at  the  same  time.   Costs  were 
indexed  to  May  1989  values  using  the  Engineering  News  Record  construction  index. 
More  detail  on  the  economic  assumptions  utilized  is  provided  in  the  Treatment  Technology 
Costs  Appendix  (Appendix  B). 


3.6      Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

The  results  for  the  Minimum  Technically  Achievable  Loading  strategy  in  the  organic  chemical 
sector  are  presented  in  Table  3-7.   Total  suspended  solids  is  the  contaminant  evaluated. 

Because  flow  and  concentration  data  were  not  available  for  all  plants,  costs  could  be 
estimated  for  only  7  of  the  17  plants.  The  average  annualized  cost  for  the  7  plants  is 
estimated  to  be  about  $104  per  kilogram  of  TSS  removed.   The  variation  in  cost  based  on 
specific  plant  contaminant  loading  and  treatment  plans  ranges  from  $32  to  $198  per  kilogram 
of  TSS  removed.   About  60  per  cent  of  present  TSS  loadings  could  be  removed  from  the 
wastewater  streams  of  the  six  organic  chemical  plants  for  which  costs  are  estimated. 
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The  Minimum  Technically  Achievable  Loading  strategy  presented  in  Table  3-7  is 
representative  of  the  modelling  conducted.   The  Least  Cost,  Maximum  Allowable  Loading  and 
Maximum  Allowable  Loading  per  Unit  of  Production  strategies  can  also  be  estimated  by  the 
model.   Estimates  of  removal  efficiencies  and  wastewater  pollutant  concentrations  and 
loadings  can  be  revised  in  the  database  as  the  MISA  monitoring  data  become  available. 
Different  combinations  of  technologies  can  also  be  developed  from  the  database  and  included 
in  the  strategy  modelling.   A  description  of  the  modelling  methodology  is  provided  in 
Appendix  C. 
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Tabic  3-6: 


Treatment  Plan  Costs  by  Source  -  Total 
Capital,  Operating  and  Annualized  Costs 


$0Urp9 


1989  Dollars 

Totals 

Wastewater 

Operating2 

Annualized 

Flow 

Total  Capltall 

Costs 

Costs 

{M3/PAY) 

ÇçstS 

per  Year 

per  Year 

Granular  Activated  Carbon  Adsorption 


Domtar 

300 

$721  020 

$26  487 

$102  972 

Du  Pont  Corunna 

46  000 

$14  768  252 

$2  174  641 

$3  741  247 

Esso 

33  700 

$12  253  280 

$1  621  405 

$2  921  224 

Ethyl  Canada 

33  300 

$12165  808 

$1  603  302 

$2  893  842 

Granular  Media  Filtration 


BTL  Industries 

10  000 

$16  756  012 

$470  422 

$2  247  887 

B.F.  Gioodrich 

2  300 

$6  446  051 

$162  524 

$846  316 

Canadianoxy 

330 

$1  824  756 

$53  061 

$246  630 

Ceianese  Canada 

13  000 

$19  871646 

$579  484 

$2  687  453 

Dow  Chemical 

730  000 

$272  477  419 

$22  017  553 

$50  921  752 

Du  Pont  Kingston 

73  000 

$61  000  096 

$2  547  120 

$9  017  964 

NOVA  Petrochemicals  Inc. 

290  000 

$149  530  352 

$9  130  340 

$24  992  407 

Granular  Media  Hltration  and  Granular  Activated  Carbon  Adsorption 


BTL  Industries  10  000  $22  667195  $612  817  $3  017  336 

B.F.Goodrich  2  300  $8  893  486  $304  919  $1248  333 

Ceianese  Canada  13  000  $26  790  599  $721878  $3  563  805 

Dow  Chemical  730  000  $350  042  835  $22  159  947  $59  292  228 

Du  Pont  Kingston  73  000  $80  483  647  $2  689  515  $11227159 

NOVA  Petrochemicals  Inc.  290  000  $194  107  596  $9  272  735  $29  863  522 


Table  3-6: 


Treatment  Plan  Costs  by  Source  -  Total 
Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

Totals 

Wastewater 

Operating2 

Annualized 

Row             Total  Capltall 

Costs 

Costs 

Source                  fM3/DAY)               Costs 

per  Year 

per  Year 

Activated  Sludge 

Cornwall  Chemicals                       800              $1149  349 

$37  597 

$159  519 

Activated  Sludge  and  Granular  Media  Hltration 

Cornwall  Chemicals                       800              $4  394  084 

$138  206 

$604  327 

Activated  Sludge,  Granular  Media  Filtration  and  Granular  Activated  Carbon 

Adsorption 

Cornwall  Chemicals                       800              $5  692  842 

$181  085 

$784  977 

Primary  Clarification 

Rohm  and  Haas                             500                 $254  419 

$24  592 

$51  581 

Primary  Clarification  and  Granular  Media  Filtration 

Rohm  and  Haas                             500              $2  644  988 

$92  262 

$372  841 

Sedimentation  with  Chemical  Addition 

GE  Plastics  Canada  Ltd.               1  700                 $636  671 

$455  621 

$523  159 

Table  3-6:  Treatment  Plan  Costs  by  Source  -  Total 

Capital,  Operatmg  and  Annualized  Costs 


1989  Dollars 

Totae 

Wastewater 

Operatlng2 

Annualized 

Row            Total  CapttaH 

Costs 

Costs 

Source                  (M3/DAY)                CgStS 

per  Year 

per  Year 

Sedimentation  with  Chemical  Addition  and  Granular  Media  Ritration 

GE  Plastics  Canada  Ltd.              l  700             $5  932  848 

$2  308  376 

$2  937  728 

Sedimentation  with  Chemical  Addition,  Granular  Media  Hltration  and  Granular 

Activated  Carbon  Adsorption 

GE  Plastics  Canada  Ltd.               1  700              $7  974  321 

$6  054  053 

$6  899  963 

Oicmical  Oxidation 

Du  Pont Maitland                      180000             $15315208 

$25  204  614 

$26  829  240 

Chemical  Oxidation  and  Gmnnlar  Media  Hltration 

Du  Pont  Maitland                      180  000           $124  987  719 

$11669  675 

$24  928  278 

Chemical  Oxidation,  Granular  Media  Hltration  and  Granular  Activated  Carbon 

Adsorption 

Du  Pont  Maitland                      1 80  000           $1 58  471  764 

$9  059  545 

$25  870110 

Chemical  Reduction 

Courtaulds                                   12  000                   $881343 

$2  908  185 

$3  001  677 

Novacor  Chemicals  Ltd.                 2  400                   $335  555 

$606  382 

$641977 

Table  3-6: 


Treatment  Plan  Costs  by  Source  -  Total 
Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

TotaC 
Wastewater  Operating2        Annualized 

Flow  Total  Capital  1  Costs  Costs 

Source  (M3/PAY)  Costs  per  Year  per  Year 

Chemical  Reduction  and  Sedimentation  with  Chemical  Addition 

Courtaulds  12  000  $2  572  879        $12  038  524      $12  311454 

Chemical  Reduction,  Sedimentation  with  Chemical  Addition  and  Granular 
Activated  Carbon  Adsorption 


Courtaulds 


12  000 


$21  437  083  $2  998  552        $5  272  582 


Chemical  Reduction,  Sedimentation  with  Chemical  Addition,  Granular  Media 
Hltiation  and  Granular  Activated  Caibon  Adsorption 


Courtaulds 


12  000 


$28  031  602  $2  932  777       $5  906  348 


Notes:  1 .  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Labour  +  Maintenance  +  Power  +  Ctiemicals  + 
Waste  Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with 
a  disœunt  rate  of  10%)  +Operating  Costs  per  Year. 
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Pulp  and  Paper  Sector 


4.1     Comment 


The  pulp,  paper,  and  paperboard  industrial  sector  falls  under  MISA  regulations.   A  separate 
study  was  being  conducted  by  the  Ministry  of  abatement  possibilities  for  this  sector.   In 
consultation  with  the  Ministry,  and  to  avoid  an  overlap,  it  was  decided  that  this  sector  would 
be  excluded  from  this  study.   Relevant  data  for  the  sector  can  be  developed  for  application  in 
the  models  and  methodology  as  described  in  this  report 
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Iron  and  Steel  Sector 


5.1     Description 

Iron  and  steel  making  covers  nine  major  processes,  as  identified  in  the  MOE's  Development 
Document  for  this  sector.   These  include:  cokemaking,  sintering,  ironmaking,  steelmaking, 
continuous  casting,  cold  forming,  hot  forming,  salt  bath  descaling,  and  acid  pickling.   A 
simplified  schematic  of  an  integrated  iron  and  steel  facility  is  presented  in  Figure  5-1.   A 
non-integrated  steel  facility  includes  only  steel  making  and  subsequent  operations. 


Cokemaking  involves  the  production  of  coke  from  coal  in  coke  ovens.  The  coke  is  combined 
with  limestone  and  iron  ore  to  make  iron  in  blast  furnaces.   A  by-product  plant  recovers  a 
number  of  compounds  produced  during  the  coking  operation,  which  is  probably  the  major 
source  of  pollutants  in  the  iron  and  steel  sector.   Pollutants  produced  by  coking  operations 
include;  ammonia,  phenols,  cyanide,  TSS,  oil  and  grease,  metals  and  organics.   Treatment 
typically  includes  ammonia  removal  in  fixed  and  free  ammonia  stills,  followed  by  biological 
treatment  for  phenol  and  cyanide  reduction.  This  is  sometimes  followed  by  alkaline 
chlorination  for  further  cyanide  and  ammonia  removal. 

Sintering  involves  combining  mill  scale,  iron  ore  fines,  flue  dust  and  other  recyclable 
materials  into  a  feed  material  for  the  blast  furnaces.   Sintering  wastewaters  typically  contain 
large  quantities  of  TSS,  with  some  oil  and  grease,  and  lead.   Treatment  typically  consists  of 
clarification  (with  or  without  chemical  addition)  for  TSS  removal. 

Ironmaking   involves  heating  sinter,  coke,  limestone  and  iron  ore  in  blast  furnaces  to  produce 
molten  iron.   Wastewaters  are  generated  by  gas  cleaning  equipment,  and  contain  TSS, 
organics,  cyanide,  ammonia,  lead  and  zinc.   Treatment  typically  involves  pH  adjustment  for 
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metals  removal  and  chlorination  for  ammonia  removal,  followed  by  thickening  (clarification) 
for  TSS  removal.   Sludge  from  the  operation  is  generally  dewatered  and  returned  to  the 
process.   Treated  wastewater  is  generally  recycled  within  the  mill. 

Steelmaking  involves  combining  iron,  scrap  metal  and  fluxing  materials  to  make  steel  in 
basic  oxygen  furnaces  (BOF's)  or  electric  arc  furnaces.   Wastewater  is  generated  when  wet 
gas  cleaning  is  employed,  and  generally  contains  high  TSS,  fluoride,  lead,  zinc  and  other 
metals.   Treatment  consists  of  clarification  for  TSS  removal,  with  the  treated  water  sometimes 
recycled  within  the  mill. 

Continuous  Casting  involves  producing  semi-finished  steel  from  molten  steel.  Wastewater  is 
produced  from  cooling  and  scale  removing  operations.   Wastewater  is  generally  directed  to 
scale  pits  for  scale  removal,  and  can  be  directed  through  filters  and  cooling  towers  for 
subsequent  recycle.   Continuous  casting  wastewater  contains  some  TSS  and  oil  and  grease. 
Continuous  casting  wastewaters  are  not  being  monitored  as  part  of  the  iron  and  steel  effluent 
monitoring  regulation  since  they  are  considered  a  constituent  of  steel  making  effluents. 

Cold  Forming   refers  to  working  of  cold  steel  into  final  products.   Wastewaters  contain  TSS, 
oil  and  grease  and  phenols.   Emulsified  oil  is  the  major  pollutant  from  tiiis  source.  Treatment 
generally  consists  of  emulsion  breaking  and  coagulation  for  oil  removal,  followed  by  recycle 
of  the  treated  wastewater. 

Hot  Forming  refers  to  the  formation  of  fuial  products  from  hot  steel,  in  a  number  of  different 
mills.   Wastewater  is  generated  from  air  cleaning  devices  and  from  water  used  to  clean  the 
metal  surface  and  remove  scale.   Wastewaters  contain  TSS  and  oil  and  grease.   Wastewater 
treatment  consists  of  scale  and  oil  removal  in  scale  and  combination  scale  pits,  followed  by 
clarification  with  coagulant  aids,  and/or  filtration.   Treated  wastewater  can  be  recycled. 

Salt  Bath  Descaling  refers  to  immersing  the  steel  in  molten  salt  baths  for  scale  removal. 
Wastewaters  contain  TSS,  dissolved  iron,  cyanide,  nickel  and  chrome.   Wastewater  treatment 
generally  consists  of  chromium  reduction  followed  by  neutralization  and  settling. 

Acid  Pickling   involves  chemically  removing  oxides  and  scale  from  the  steel  surface  by  water 
and  inorganic  acids.   Wastewaters  generally  contain  TSS,  oil  and  grease,  and  a  number  of 
metals  and  are  acidic.   Spent  concentrates  are  frequently  hauled  off  site  for  disposal.   Some 
concentrates  and  rinses  are  treated  on  site  by  a  combination  of  chrome  reduction  and 
neutralization  with  lime,  coagulation  with  a  polymer  and  clarification  with  oil  skimming. 
This  treatment  process  removes  TSS,  metals  and  oil  and  grease. 
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5.2     Ontario  Iron  and  Steel  Facilities 

Seven  iron  and  steel  facilities  owned  by  five  firms  in  Ontario  are  subject  to  MISA  monitoring 
regulations.   Four  of  these  mills  are  considered  integrated  steel  mills,  each  producing  more 
than  3  million  tonnes  of  steel  a  year  and  operating  cokemaking,  sintering,  and  ironmaking 
processes  in  addition  to  steelmaking  and  subsequent  processes.   The  other  three  mills  make 
steel  entirely  from  recycled  scrap  and  each  produce  less  than  one  million  tonnes  of  steel 
annually.  Table  5-1  lists  the  seven  plants,  indicating  processes  employed  together  with  the 
daily  wastewater  flows  and  annual  production  levels  at  each  mill. 


5.3     Candidate  Parameters  for  Control  List 

This  grouping  of  plants  and  processes  is  also  useful  in  characterizing  the  wastewater  produced 
because  the  different  processes  produce  quite  different  contaminants.   Very  few  data  exist  to 
define  typical  wastewater  composition  from  the  various  iron  and  steel  sector  processes. 
However,  the  pre-regulation  monitoring  data  from  the  MOE's  MISA  program  is  summarized 
in  Table  5-2  (ASL/Dearbom  1988).   Where  possible,  the  data  have  been  distinguished  as  to 
which  process  is  the  source  of  contamination  and  whether  the  data  are  for  raw  or  treated 
wastewater.   Where  such  a  distinction  was  not  possible  based  on  the  information  provided  by 
ASL/Dearbom  (1988)  or  the  MOE  (1989),  some  general  data  on  streams  such  as  "Treatment 
Plant  Effluent"  are  presented.   All  of  these  data  are  based  on  a  very  limited  sampling  program 
whose  purpose  was  to  provide  information  on  contaminants  of  concern  in  the  sector.   For  this 
reason,  these  data  should  not  necessarily  be  considered  typical  and  should  be  updated  by  the 
MISA  monitoring  data  when  they  become  available. 

MISA  monitoring  will  also  be  carried  out  on  a  process-specific  basis.   The  list  of 
contaminants  to  be  monitored  for  each  process  was  developed  from  results  of  the  iron  and 
steel  industry  pre-monitoring  program,  a  number  of  related  studies  and  U.S.  EPA  data,  and  is 
presented  in  Table  5-3.  These  reflect  the  Candidate  Parameters  for  Control  from  the  MISA 
development  document   Coke  plant  effluents  are  to  be  monitored  for  eight  (8)  parameters,  as 
they  are  known  to  be  a  source  of  priority  pollutants.   Most  other  processes  are  to  be 
monitored  for  4  to  6  parameters. 

In  total,  the  candidate  parameter  for  control  list  for  the  iron  and  steel  sector  consists  of  the 
following  14  compounds:  Ammonia,  Benzene,  Benzo  (a)  pyrene,  Chromium,  Cyanide, 
Hexavalent  Chromium,  Oil  and  Grease,  Lead,  Nickel,  Naphthalene,  Phenolics  (4AAP),  pH, 
Suspended  Solids,  and  Zinc. 

Although  most  of  the  total  metals  were  found  frequently  in  the  pre-monitoring  program,  zinc, 
lead,  chromium  and  nickel  were  considered  appropriate  indicator  parameters.   Removal  of 
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Iron  and  Steel 

lead  and  zinc  will  indicate  comparable  removal  of  other  metals.   Si:  ularly,  removal  of 
benzene,  benzo(a)pyrene  naphthalene  and  phenolics  will  indicate  removal  of  a  number  of 
other  organic  compounds.   The  above  parameters  are  currently  regulated  by  U.S.  EPA  in  the 
US  Iron  and  Steel  Industry.   The  U.S.  EPA  have  established  that  by  limiting  discharge  of 
these  candidate  parameters  in  final  effluent  streams,  effective  control  should  be  provided  for 
toxic  pollutants.   The  U.S.  EPA  list  also  includes  tetrachloro-ethylene  and  chlorine  residual, 
which  are  excluded  from  the  Ontario  list.   In  Ontario,  tetrachloro-ethylene  did  not  appear  in 
the  analysis  of  pre-regulation  monitoring  samples  and  analytical  methods  for  chlorine 
residuals  were  found  to  be  lacking  reliability. 

Total  alkyl  lead,  herbicides  and  pesticides  are  not  produced  by  the  iron  and  steel  sector  and 
are  therefore  excluded  from  the  list.   There  are  no  historical  data  to  indicate  that  iron  and 
steelmaking  processes  produce  chlorinated  dibenzo-p-dioxins  and  dibenzofurans,  however 
these  will  be  monitored  twice  per  year  to  provide  additional  data  for  the  MISA  database.    In 
addition  to  the  above,  final  effluent  streams  will  be  monitored  for  dissolved  organic  carbon 
(DOC),  iron,  and  total  phosphorus. 


5.4      Pollution  Abatement 

5.4.1    Process  Change,  Product  Substitution  and  Internal  Wastewater  Treatment 
Technologies 

Most  iron  and  steel  facilities  in  Ontario  provide  some  degree  of  water  recycling.   The  most 
common  practices  include  recycling  of  cooling  water  as  flushing  water,  acid  regeneration  and 
reuse  for  pickling  and  filtration  of  mill  water  with  subsequent  recycle.   Another  important 
water  management  practice  is  the  segregation  of  sewen  carrying  process,  cooling  and  storm 
water.   Continued  implementation  and  improvement  of  these  systems  will  result  in  minimal 
water  usage  and  treatment  costs.   One  example  of  this  is  IVACO  Rolling  Mills  where 
recycling  of  process  water  has  eliminated  discharges  entirely. 

The  U.S.  EPA  Development  Document  gives  more  detail  on  some  common  practices  in  the 
United  States.   Iron  blast  furnaces  and  steel  furnaces  often  require  scrubbers  for  off-gas 
treatment.   The  water  for  these  scrubbers  may  be  augmented  by  treated  sintering  wastewater 
and  is  most  often  provided  by  continuous  recycle  through  the  scrubber.   Casting  and  forming 
mills  often  treat  wastewater  for  reuse.   Such  treatment  generally  involves  sedimentation,  oil 
removal,  filtration,  and  cooling. 

The  majority  of  contaminants  in  the  iron  and  steel  sector  results  from  cokemaking, 
ironmaking,  salt  bath  descaling  and  acid  pickling  processes.   The  contaminants  in  cokemaking 
wastewaters  derive  largely  from  the  constituents  of  coal,  for  which  there  is  no  substitute  in 
the  ironmaking  process.   The  contaminants  present  may  also  vary  depending  on  the  source  of 
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coal,  which  varies  in  composition  by  geographic  area.   This  same  principle  applies  in 
ironmaking:   contaminants  or  their  precursors  are  present  in  the  raw  materials  (sinter,  coke, 
limestone  and  iron  ore)  and  no  substitutes  are  known.   The  surface  treatment  processes  (salt 
bath  descaling  and  acid  pickling)  remove  scale  and  oxides  from  the  metal  surface.   These 
practices  are  essential  in  meeting  product  specifications  and  are  based  on  simple  inorganic 
chemical  principles.   Any  product  substitution  would  not  result  in  reduction  of  wastewater 
loadings. 


5.4.2    End-of-Pipe  Treatment 

As  noted  Section  5.2,  the  iron  and  steel  sector  in  Ontario  conveniently  divides  into  two 
groups  based  on  the  processes  used.  Those  mills  that  include  cokemaking,  sintering  and 
ironmaking  (namely  ALGOMA,  DOFASCX)  and  STELCO,  known  as  integrated  mills) 
generally  have  more  complex  wastewaters  and  treatment  will  address  more  contaminants  than 
that  at  the  smaller  mills.   Treatment  at  integrated  mills  will  focus  on  removal  of  the  following 
parameters:  oil  and  grease;  suspended  solids;  ammonia;  phenolics  and  other  organics;  cyanide; 
total  metals  including  chromium,  lead  and  nickel;  and,  total  dissolved  solids.   At  smaller  non- 
integrated  mills,  ammonia,  cyanides,  phenolics  and  other  organics  (which  originate 
predominately  from  coke-making)  arc  of  less  importance  and  treatment  will  be  directed  at 
removal  of  oil  and  grease,  suspended  solids,  total  metals  and  dissolved  solids. 

Existing  treatment  systems  at  Ontario  iron  and  steel  plants  vary  widely,  the  sophistication  of 
which  is  generally  contingent  upon  the  age  of  the  plant.   Integrated  mills  all  provide  solids 
removal  by  sedimentation,  ammonia  removal  by  steam  stripping,  and  most  include  filtration 
and  oil  and  grease  removal.   Of  the  smaller  mills,  both  IVACO  and  LASCO  discharge 
untreated  cooling  water,  while  both  LASCO  and  ATLAS  discharge  process  water  that  has 
been  treated  at  the  tertiary  level.   Existing  treatments  at  the  plants  arc  summarized  in 
Table  5-4. 

The  following  paragraphs  summarize  the  appropriate  treatment  alternatives  at  three  levels. 
These  options  are  depicted  in  Figure  5-2  and  address  all  possible  add-on  treatment  alternatives 
for  both  types  of  mills.   Removal  efficiencies  for  each  of  the  contaminants  of  concern  in  iron 
and  steel  for  each  of  the  selected  technologies  appear  in  Table  5-5.   These  median  values 
were  selected  as  an  alternative  to  presenting  ranges  which  were  very  wide,  as  noted  in  the 
table.   These  removals  are  for  individual  technologies.   Each  technology  is  not  necessarily 
applicable  individually.  Alternative  treatment  plans  will  be  presented  in  Section  5.5. 

Figure  5-2  has  been  formulated  on  the  premise  that  all  effluent  streams  are  combined  into  one 
final  stream  for  treatment.  It  is  recognized  that  this  is  not  a  realistic  depiction  of  treatment  in 
the  iron  and  steel  sector  and  that  many  of  these  technologies  are  actually  applied  to  smaller, 
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Table  5-4  Existing  Wastewater  Treatment  at  Iron  and  Steel  Plants 


Plant 


Process 


Algoma 

Cokemaking 

Iron  &  Steelmaking 

Hot  &  CokJ  Forming 

Atlas 

All  Processes 

Acid  Pickling 

Dofasco 

Cokemaking 
Ironmaking  and 
Continuous  Casting 
Hot  Forming 
CoW  Forming  and 
Ackl  Pickling 

Ivaco 

All  Processes 

Lasco 

All  Processes 

Steteo 
(Hilton) 

Cokemaking 

Ironmaking 
Hot  Forming 
CokJ  Forming 

AckJ  Pickling 

Stekx)  Cokemaking 

(Lake  Erie)     All  Processes 


Existing  Treatment 


Ammonia  stills  &  Settling  basins 
Biological  treatment,  nitration 
(implementation  in  progress) 
Clarification 
Settling  basins 


Two  wastewater  filtration  and  reclamation 

plants  including  gravity  oil  separation  and 

and  chromium  reduction 

Waste  ackj  treatment  and  solkJification 

plant 


Ammonia  stills,  Biok>gical  treatment 
Clarification 

Filtration  with  recycle 
Neutralization, 

Clarifcation,  Oil  Removal,  AckJ 
Regeneration,  &  Ion  Exchange 


Scale  pits.  Filtration,  Oil  Skimming, 
Complete  recycle  of  process  water 


Scale  pits.  Filtration,  &  Oil  Skimming 


Ammonia  stills,  Bioksgbal  treatment 

(at  WPCP) 

Sedimentation  &  Filtration,  with  recycle 

Scale  Pits,  Sedimentation,  &  Filtration 

Oil  Removal,  Sedimentation,  Filtration,  k3n 

Exchange 

AckJ  Regeneration 


Ammonia  stills,  Biok>gical  treatment 
Recycling  of  process  water,  Solids  Settling, 
Fkxxulation,  Clarification,  Chtorination, 
Polishing  Filtration,  &  Stabilization  Pond. 


Source:  MOE  (1989);  Hamdi  (1990);  Eisler  (1990);  Marr  (1990). 
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PRIMARY  TREATMEKfT 
Oil  &  Orea««  Ramoval 


Chromium,  TSS.  MeaJi 
Ramoval 


SECONDARY  TREATMEfsTT 
Ammonia  Ramoval 


SOD,  Phenol,  Ammonia 
Ramoval 


TERTIARY  TREATMENT 


Cyanlda  Ramoval 


TSS,  Metal»  Removal 


BOO.  Organics  Ramoval 


Raw  Waetawaiar 


Qravlly  Oil 
Saparadon 


Siaam 

Stripplna 


Dlsaolved  Air 
Flou  don 


RaOuctlon  w/ 

Sedlmantadon  & 

Chemical 

AddlUon 


Aeralad 
Lagoon 


Acttvaiad 
Sludga 


Granular  Madia 
Filiration 


Activa  tad 
Cartion 


Ion  Exchange 


Recycle 


I 


Oi&cfiarge 


Figure  5-2 


Alternatives  for  Treatment  of  Iron  and  Steel  Wastewater 
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more  concentrated  in-plant  streams.   However,  at  the  time  of  writing,  information  available  on 
waste  streams  specific  to  each  of  the  major  processes  described  at  the  beginning  of  this 
chapter  was  limited  to  qualitative  descriptions  such  as  those  presented  in  Table  5-4.   Data  on 
the  contaminants  present  were  limited  to  MISA  pre-regulation  monitoring  results  (Table  5-2) 
and  flowrates  were  unavailable.   Thus  it  appeared  that  the  only  practical  alternative  was  to 
propose  end-of-pipe  treatment,  fully  recognizing  the  limitations  of  any  conclusions  which  may 
be  drawn  in  the  economic  analysis. 


Primary  Treatment 

The  purpose  of  primary  treatment  is  the  removal  of  oil  and  grease  and  suspended  solids. 
Primary  oil  and  grease  removal  is  possible  through  two  methods:   dissolved  air  flotation 
(DAF)  and  gravity  oil  separation.   Both  eventually  use  the  principle  that  oil  floats  and  can  be 
skimmed  from  the  surface  of  the  water  by  some  mechanical  means.   Removal  efficiencies 
should  also  be  high  for  organic  compounds  because  these  compounds  have  more  affinity  for 
oil  and  grease  than  for  water  and  tend  to  be  removed  with  oil  and  grease. 

The  choice  of  appropriate  solids  removal  at  the  primary  level  depends  on  the  nature  of  the 
effluent.    Simple  sedimentation  is  currently  used  in  many  areas  of  iron  and  steel  mills.   This 
sedimentation  process  is  accomplished  through  the  use  of  scale  pits,  clarifiers  and  settiing 
ponds.   In  the  case  of  hexavalent  chromium  (Cr^)  contamination,  reduction  to  trivalent 
chromium  (Cr^)  can  conveniently  be  combined  with  sedimentation  v/ith  lime  addition.   In 
this  process,  acid  and  sulphur  dioxide  arc  most  commonly  used  to  reduce  Cr^  to  Cr^  which 
is  a  less  toxic  form.     Subsequent  precipitation  of  the  dissolved  Ci^  using  lime  also  removes 
most  metals  and  suspended  solids. 


Secondary  Treatment 

Secondary  treatment  generally  refers  to  biological  treatment.  Secondary  removal  of  ammonia 
and  phenols  may  be  required  at  integrated  steel  mills  since  these  contaminants  largely 
originate  from  the  cokemaking  process. 

It  is  common  practice  for  ammonia  to  be  recovered  as  a  concentrated  stream  using  steam 
stripping.   Residuals  levels  in  the  water  stream  are  amenable  to  biological  oxidation.   The 
conventional  activated  sludge  (CAS)  system  is  the  treatment  commonly  employed  in  the  iron 
and  steel  sector  to  accomplish  further  ammonia  removal.  Design  of  this  system  will  need  to 
acknowledge  the  likelihood  of  relatively  high  cyanide  levels.   However,  if  cyanide  is  at  a 
suitable  concentration,  the  CAS  system  can  oxidize  cyanide  to  thiocyanate,  which  is  less 
toxic. 
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CAS  is  a  continuous  flow  process  where  micro-organisms  are  mixed  with  incoming 
wastewater.   In  the  presence  of  sufficient  oxygen,  BOD  is  removed  as  micro-organisms  act  on 
the  waste.   Effluent  from  the  process  undergoes  settling  to  remove  solids  and  micro- 
organisms.  Most  of  this  sludge,  consisting  of  solids  and  viable  micro-organisms,  is  returned 
to  the  process,  while  the  remainder  is  removed,  or  wasted. 

Biological  treatment  using  CAS  will  result  in  the  oxidation  of  ammonia  to  nitrites  and  nitrates 
if  enhanced  aeration  is  provided.   This  process  is  known  as  nitrification.   It  may  then  be 
desirable  to  provide  denitrification  to  maintain  total  nitrites  and  nitrates  below  the  Ontario 
Provincial  Water  Quality  Objective  of  10  mg/L.   This  process  uses  different  microorganisms 
than  CAS  and  takes  place  in  the  absence  of  air,  resulting  in  the  release  of  nitrogen  gas. 

All  integrated  mills  in  the  Ontario  iron  and  steel  sector  have,  or  arc  in  the  process  of 
implementing,  CAS.   Thus  their  costs  to  upgrade  to  nitrification  processes  will  be  less  than 
the  cost  to  install  a  complete  nitrification  system.   Essentially  the  required  components  will  be 
aeration  equipment  and  larger  clarifiers.   To  distinguish  an  upgraded  CAS  system  from  a  new 
nitrification  plant,  the  latter  is  referred  to  in  this  section  as  Activated  Sludge/Nitrification.   In 
Appendix  A,  the  cost  of  upgrading  CAS  is  found  under  Nitrification  -  Upgrading  CAS.   It  is 
unlikely  that  smaller,  non-integrated  mills  will  require  secondary  treatment. 


Tertiary  Treatment 

Ternary  treatment  focuses  on  removal  of  particular  contaminants  or  on  further  reduction  in 
some  parameters  treated  at  an  earlier  stage,  known  as  polishing.   The  various  technologies 
suggested  for  the  iron  and  steel  sector  are  summarized  in  Figure  5-2  and  are  described  briefly 
below. 

For  integrated  mills,  the  most  imponant  tertiary  treatment  will  be  chemical  oxidation  of 
cyanide  to  the  less  toxic  cyanate  form.  This  is  achieved  with  chlorine  addition  which  also 
serves  to  reduce  ammonia  levels. 

Total  suspended  solids  may  be  reduced  to  low  levels  by  granular  media  filtration  (GMF).   In 
this,  process  wastewater  is  pumped  through  a  fine-grained  media  (such  as  sand)  contained  in  a 
tank  or  basin  in  order  to  achieve  solids  removal. 

Trace  organics  may  be  polished  using  granular  activated  carbon  (GAC)  adsorption.   The 
extremely  fine-grained  GAC  is  packed  in  a  column  through  which  the  water  passes.   This 
process  is  not  be  confused  with  GMF  and  indeed  GMF  levels  may  interfere  with  removal 
efficiencies.   The  process  operates  under  the  principle  that  organics  have  a  higher  affinity  for 
GAC  than  for  water  and  hence  adhere  to  or  are  adsorbed  onto  the  GAC  as  contaminated 
water  passes  through  the  column. 
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Finally,  removal  of  dissolved  solids  such  as  inorganic  minerals  and  metals  may  be  achieved 
through  use  of  ion  exchange.    Ion  exchange  is  a  complex  process  and  may  involve  many 
steps  depending  on  the  nature  of  the  wastewater,  but  essentially,  water  is  passed  through 
columns  containing  ion  exchange  resins  which  bind  the  dissolved  solids.   The  water,  mean- 
while, is  highly  purified.   In  the  case  of  iron  and  steel  sector  wastewaters,  much  of  the  TDS 
(total  dissolved  solids)  may  be  associated  with  dissolved  iron,  which  can  be  precipitated  and 
hence  removed  as  discussed  under  sedimentation  with  the  addition  of  lime.   However,  since 
the  objective  of  MISA  is  a  virtual  elimination  of  toxic  contaminants,  ion  exchange  may  be 
considered  as  a  technology  to  provide  advanced  treatment. 

As  noted  previously.  Figure  5-2  presents  different  treatment  alternatives  while  Table  5-5 
outlines  removal  efficiencies.   Choice  of  technology  for  each  plant  will  depend  on  results  of 
the  MISA  monitoring  efforts.   It  is  reasonable  to  assume  that  not  all  plants  will  require  all  the 
noted  technologies.   The  purpose  of  Figure  5-2  then,  is  to  present  all  possible  scenarios,  from 
which  cost  estimates  may  be  made  once  it  is  clear  which  technologies  are  appropriate  to  each 
plant. 


5.5     Treatment  Plan  Alternatives 


The  plants  in  the  iron  and  steel  sector  provide  varying  degrees  of  treatment,  as  described  in 
Table  5-4.  As  noted  in  Section  5.4.2,  only  end-of-pipe  treatment  alternatives  are  being 
considered  here.   The  purpose  of  this  section  is  to  present  information  on  the  additional 
treatment  technologies  which  may  potentially  be  implemented  at  each  of  the  plants.   Among 
these  technologies  are  advanced  ternary  level  treatments  such  as  GAC  and  ion  exchange.   It 
must  be  emphasized  that  these  technologies  may  not  be  required  by  individual  plants, 
depending  on  the  results  of  MISA  monitoring,  to  achieve  contaminant  concentration  targets 
but  they  are  included  here  for  the  sake  of  the  completeness  of  the  economic  analysis.   Table 
5-6  summarizes  the  additional  treatment  technologies  which  may  be  appropriate  to  each  plant. 
These  alternatives  are  discussed  briefly  below. 

ALGOMA  currenUy  only  provides  sedimentation  (clarification)  and  steam  stripping  for 
treatment  of  wastewater.   However  two  additional  technologies  arc  currentiy  being  added. 
These  are  a  biological  treatment  plant  and  filtration  as  a  final  step.   Therefore  five  additional 
or  replacement  processes  could  be  considered  for  maximum  treatment.   It  should  be  noted 
that  while  sedimentation  is  in  place,  chromium  (chemical)  reduction  followed  by 
sedimentation  with  lime  addition  will  be  more  effective  and  is  therefore  proposed  as  an 
alternative. 
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Possible  Additional  Treatment  Technologies  for  Iron  and  Steel  Mills 


Integrated  Mills 


Non-integrated  Mills 


Steico      Steico 
Algoma    Dofasco    (Hilton)  (Lake  Erie)     Atlas 


Ivaco 


Treatment 

Primary 

Gravity  Oil 
Separation 

Sedimentation  with 
Ctiemical  Addition 

Secondary 

Activated  Sludge/ 
Nitrification 

Denitrification 

Tertiary 

Chemical  Oxidation 

Granular  Media 
Filtration 

Granular  Activated 
Cartwn  Adsorption 

Ion  Exchange 


«   Potential  additional  treatment  at  indicated  mill. 

Note:  The  treatment  plans  presented  atxjve  are  possible  combinations  of  abatement 
technologies  suitable  for  each  mill.   Each  mill  could  adopt  all  or  part  of  these  suggested 
abatement  technologies. 


Lasco 
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ATLAS  currently  recycles  100%  of  its  wastewater  in  winter  and  50%  in  summer.   The  rate  of 
recycle  and/or  the  quality  of  effluent  could  be  improved  through  the  use  of  GAC  and  ion 
exchange. 

Wastewater  from  various  processes  is  segregated  and  treated  separately  at  DOFASCO.  Thus, 
while  treatments  such  as  ion  exchange  and  GMF  are  already  in  place  for  some  streams, 
implementation  on  others  could  be  considered.   Five  processes  could  be  considered: 
reduction  with  sedimentation  and  lime  addition,  chemical  oxidation,  granular  media  filtration, 
granular  activated  carbon  (GAC)  adsorption  and  ion  exchange. 

As  noted  earlier,  IVACO  discharges  only  cooling  and  storm  water.   It  is  likely  that  this  water 
will  be  dilute  and  will  require  a  tertiary  level  of  treatment  consisting  of  GMF,  GAC 
adsorption  and  ion  exchange,  to  achieve  lower  effluent  concentration. 

Wastewater  at  LASCO  receives  treatment  consisting  of  gravity  oil  separation,  sedimentation 
and  filtration.   Chromium  reduction  with  sedimentation  and  lime  addition,  GAC  and  ion 
exchange  could  be  added  to  achieve  complete  treatment. 

The  existing  treatment  at  STELCO's  Hilton  Works  consists  of  sedimentation,  steam  stripping, 
gravity  oil  separation  and  GMF  as  well  as  ion  exchange  on  one  stream.   STELCO  currentiy 
has  biological  treatment  through  a  contract  with  the  municipality.   Thus  additional 
technologies  which  could  be  considered  are  as  noted  in  Table  5-6. 

Treatment  levels  at  STELCO's  Lake  Erie  Works  are  high,  and  appear  to  focus  on  solids  and 
metals  removal.   Improvement  in  organics  and  total  dissolved  solids  removal  would  be 
achieved  under  the  treatment  scheme  proposed  in  Table  5-6. 

These  suggestions  for  additional  treatment  have  been  based  on  information  available  at  this 
time,  and  should  be  revised  as  more  data  becomes  available  through  the  MISA  program.   It  is 
fKîssible  that  these  plans  may  be  inappropriate  for  the  contaminants  eventually  identified  in 
iron  and  steel  effluents,  but  they  have  been  developed  at  this  time  to  provide  a  framework  for 
preliminary  analysis  and  modelling. 
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5.6     Treatment  Plan  Costs 

The  purpose  of  this  section  is  to  develop  illustrative  costs  of  treatment  for  representative 
plants  in  the  iron  and  steel  sector.   The  treatment  plans  developed  account  for  the  range  of 
existing  treatment  existing  in  the  sector.   It  should  be  noted  that  very  litde  information  was 
available  from  the  MOE  development  document  on  existing  treatment  specific  to  each  of  the 
major  processes  outlined  at  the  beginning  of  this  chapter.   For  this  reason,  the  treatment  plan 
costs  outlined  here  focus  on  final  effluent  only,  as  discussed  in  Section  5.4.2.   It  should  also 
be  recognized  that  because  final  effluent  may  be  diluted  by  non-contact  cooling  and/or  storm 
water  before  final  discharge,  the  limits  of  cenain  treatment  technologies  may  be  exceeded. 
Therefore,  the  following  treatment  plans  should  eventually  be  applied  only  with  regard  to 
MISA  final  effluent  data  as  it  becomes  available.   Overall  removal  efficiencies  for  each 
contaminant  in  each  treatment  plan  are  presented  in  Table  5-7  and  are  calculated  from  the 
data  in  Table  5-5. 

Due  to  the  lack  of  available  data  of  contaminant  concentrations  for  sp)ecific  plants  in  the  iron 
and  steel  sector.  Table  5-8  presents  treatment  plans  for  typical  integrated  and  non-integrated 
mills,  which  arc  combinations  of  the  technologies  described  in  preceding  sections.  Table  5-9 
presents  data  on  treatment  plan  costs  for  a  range  of  wastewater  flowrates  for  each  of  these 
plans.   Costs  presented  in  this  Table  incorporate  economy  of  scale  factors  and  were  calculated 
for  different  flowrates  representative  of  iron  and  steel  mills.   Other  cost  factors  arc  of 
considerable  importance  but  could  not  be  accounted  for  in  this  study.   Due  to  the  generally 
greater  cost-effecdveness  of  treating  process-specific  effiuent  streams,  the  representative 
flowrates  in  these  tables  arc  lower  than  averages  for  the  mills.   Since  no  data  were  available 
on  these  streams,  representative  flowrates  were  developed  by  assuming  that  these  separate 
streams  were  only  a  share  of  the  total  combined  effluent  flowrates. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treaiabiliiy  Manual 
(1980a)  and  from  in-house  information  on  construction  costs  from  recent  CH2M  Hill  projects. 
Total  capital  costs  include:  equipment  and  installarion;  and  engineering  and  design  costs. 
Land  costs,  which  are  highly  variable,  are  not  included.   Total  operating  costs  include  all 
labour,  maintenance  and  power,  as  well  as,  waste  disposal  and  chemical  purchases,  when 
appropriate.     Total  annualized  costs  were  assumed  to  equal  the  annualized  value  of  total 
capital  costs  over  30  years  at  a  10  per  cent  rate  of  discount  plus  annual  operating  costs.    No 
accommodation  was  made  for  costs  savings  that  might  arise  from  installing  more  than  one 
technology  component  at  the  same  time.    Costs  were  indexed  to  May  1989  values  using  the 
Engineering  News  Record  construction  index. 

More  detail  on  the  economic  assumptions  utilized  is  provided  in  the  Treatment  Technology 
Costs  Appendix  (Appendix  B). 
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Tabic  5-9:  Treatment  Plan  Costs  by  Source  -  Total  Cqrital, 

Operating  and  Annualized  Costs 


1989  Dollars 

Totat3 

Wastewater                                  Operatlr>g2 

Annualized 

Row            Total  Capttall            Costs 

Costs 

Sfluna                (M3/PAY)            Casts             per  Year 

per  Year 

Gravity  Oil  Separation,  Scdimr.ntation  with  Time  Addition,  Nitrification  (retrofit). 

Denitrification,  Chemical  Oxidation,  Granular  Activated  Carbon  Adsorption  and  Ion 

Exchange 

Non-Integrated  Steel  Small               2  000               $690  567              $533145 

$606  400 

Non-Integrated  Steel  Medium          10  000            $1544  154            $2  567  272 

$2  731  074 

Non-Integrated  Steel  Large             25  000            $2  441  522           $6  338  839 

$6  597  834 

Sedintcntation  with  Lime  Addition,  Granular  Activated  Carix)n  Adsoiption  and  Ion 

Exchange 

Non-Integrated  Steel  Small               2  000             $6  576  836              $681509 

$1  379  175 

Non-Integrated  Steel  Medium          10  000           $18  300166            $3  037  694 

$4  978  962 

Non-Integrated  Steel  Urge              25  000           $32  838  588            $7  334  058 

$10817550 

Sedimentation  with  Lime  Addition  and  Granular  Media  Hltration 

Non-Integrated  Steel  Small                2  000              $8  827406               $807  741 

$1  744  145 

Non-Integrated  Steel  Medium           10000            $24  211349             $3  563  637 

$6  131  959 

Non-Integrated  Steel  Large              25  000            $43  081853             $8  559  597 

$13  129  688 

Sedimentation  with  Lime  Addition,  Granular  Media  Hltration  and 

Granular  Activated  Carbon  Adsorption 

Non-Integrated  Steel  Small                2  000             $10  127  010              $1  097  076 

$2  171341 

Non-Integrated  Steel  Medium            10  000             $28  220  847              $4  833  590 

$7  827  237 

Non-Integrated  Steel  Large               25  000             $50  696  469            $11621708 

$16999  551 

Iron  and  Steel 
Table  5-8  Possible  Treatment  Alternatives  for  Representative  Iron  and  Steel  Mills 


Treatment  Alternatives 
Integrated  Mills  Non-integrated  Mills 

5-2         5-3        5-4  5-5  5-6        5-7       5-8        5-9 


Treatment  5-1 

Primary 

Gravity  Oil  • 

Separation 

Sedimentation  with         » 
Chemical  Addition 

Secondary 

Activated  Sludge  • 

Nitrification 

Denitrification  « 

Tertiary 

Chemical  Oxidation        « 

Granular  Media  • 

Filtration 

Granular  Activated         < 
Carbon  Adsorption 

Ion  Exchange 


•   Potential  additional  treatment  at  indicated  mill. 

Note;  The  treatment  plans  presented  above  are  possible  combinations  of  abatement 
technologies  suitable  for  typical  mills  in  the  iron  and  steel  sector.   Each  mill  could  adopt  all  or 
part  of  these  suggested  abatement  technologies. 


Final  Report  --  Printed  22  March  1991 


5-20 


Table  5-9:  Treatment  Plan  Costs  by  Source  -  Total  Qçital, 

Operating  and  Annualized  Costs 


1989  Dollars 

Totals 

Wastewater 

Operatlng2 

Annualized 

Row 

Total  Capltall 

Costs 

Costs 

(M3/PAY) 

Ççsts 

per  Year 

per  Year 

Gravity  Oil  Separation,  Sedinocntation  with  Lime  Addition,  Nitrification 
(retrofit),  Denitrification  and  Chemical  Oxidation 


Integrated  l&S  Small 

50  000 

$38  851212 

$32  941015 

$37  062  323 

Integrated  l&S  Medium 

500  000 

$147126  295 

$322  271  089 

$337  878136 

integrated  l&S  Large 

1  000  000 

$220  926  514 

$642  380  642 

$665  816361 

Sedimentation  with  T-inv.  Addition,  Nitrification  (retrofit),  and  Denitrification 


Integrated  l&S  Small 

50  000 

$21  071  897 

$23  247934 

$25  483  225 

Integrated  l&S  Medium 

500  000 

$78  190  661 

$227  638  740 

$235  933147 

Integrated  l&S  Large 

1  000  000 

$117162  938 

$453  845  822 

$466  274378 

Sedimentation  with  lime  Addition,  Nitrification  (retrofit),  Denitrification 
and  Chemical  Oxidation 


Integrated  l&S  Small                       50  000           $68  770  006 

$25  063  894 

$32  358  964 

Integrated  l&S  Medium                  500  000         $291  250  287 

$242  958  814 

$273  854  426 

Integrated  l&S  Large                   1  000  000         $451  489  327 

$483  661  927 

$531  555  575 

Sedimentation  with  lime  Addition,  Nitrification  (retrofit). 

Denitrification 

Chemical  Oxidation  and  Gianular  Media  Rltration 

Integrated  l&S  Small                        50  000           $84  295  892 

$27  417  263 

$36  359  308 

Integrated  l&S  Medium                   500  000          $353  059  955 

$264  651  839 

$302  104  173 

Integrated  l&S  Large                   1  000  000         $545  175  265 

$526  458  379 

$584  290  161 

Table  5-9: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

Totals 

Wastewater 

Operating2 

Anrujalized 

Row 

Total  Capitall 

Costs 

Costs 

(M3/DAY) 

QQSiè 

perYear 

per  Year 

Source 


Sedimentation  wiA  lime  Addition,  Nitrification  (retrofit),  Denitrification  Chemical 
Oxidation,  Granular  Media  Filtration  and  Granular  Activated  Carbon  Adsorption 


Integrated  l&S  Small  50  000  $96  665  672 

Integrated  l&S  Medium  500  000         $415  056  715 

Integrated  l&S  Large  1  000  000         $645  889  298 


$33  435  065  $43  689  308 
$323152  617  $367181521 
$642  995319     $711510  770 


Notes:  1.  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design 
Costs  (land  costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Labour  +  Maintenance  +  Power  +  Chemicals  +  Waste  Disposal  + 
Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a  discount  rate  of 
10%)  +Operating  Costs  per  Year. 


Iron  and  Steel 


5.7     Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

The  results  for  the  Minimum  Technically  Achievable  Loading  strategy  for  iron  and  steel  mills 
are  presented  in  Tables  5-10  and  5-11.   Total  suspended  solids  is  the  contaminant  evaluated. 

Estimates  for  representative  plants  could  be  developed  due  to  a  lack  of  plant-specific 
information.   The  annualized  cost  for  integrated  mills  varies  between  $89  per  kilogram  of 
TSS  removed  for  large  plants  to  $1 14  per  kilogram  of  TSS  removed  for  small  plants.   The 
annualized  cost  for  non-integrated  mills  varies  between  $103  per  kilogram  of  TSS  removed 
for  large  plants  to  $188  per  kilogram  of  TSS  removed  for  small  plants.   The  variation  in  costs 
per  kilogram  of  TSS  removed  is  larger  for  non-integrated  mills  than  for  integrated  mills. 
About  99  per  cent  of  present  TSS  loadings  could  be  removed  from  the  wastewater  stream  of 
integrated  mills  and  about  90  per  cent  from  the  wastestream  of  non-integrated  mills. 

The  Minimum  Technically  Achievable  Loading  strategy  presented  in  Tables  5-10  and  5-11  is 
representative  of  the  modelling  conducted.   The  Least  Cost,  Maximum  Allowable  Loading  and 
Maximum  Allowable  Loading  per  Unit  of  Production  strategies  can  also  be  estimated  by  the 
model.   Estimates  of  removal  efficiencies  and  wastewater  pollutant  concentrations  and 
loadings  can  be  revised  in  the  database  as  MISA  monitoring  data  become  available.   Different 
combinations  of  technologies  can  also  be  developed  from  the  database  and  included  in  the 
strategy  modelling  as  better  information  and  data  become  available.   A  description  of  the 
modelling  methodology  is  provided  in  Appendix  C. 
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6.1     Description 

The  metal  mining  and  refming  sector  in  Ontario  (also  referred  to  as  the  Ontario  Mineral  Industry 
Sector:  Group  "A")  includes  all  metal  and  salt  mines  and  mills  in  the  province  as  well  as  a  large 
number  of  inactive  or  abandoned  sites.  Metal  and  salt  mines  subject  to  MISA  monitoring 
regulations  are  subdivided  into  six  sectors  comprising  a  total  of  58  mines  (O.  Reg.  491/89). 

17  Copper,  Lead.  Nickel,  and  Zinc  Mines  (Cu/Pb/Ni/Zn) 

27  Gold  Mines  (Au) 

1  Iron  Mines  (Fe) 

2  Salt  Mines  (sodium  chloride,  NaCl) 
2  Silver  Mines  (Ag) 
9  Uranium  Mines  (U) 


The  principles  of  mining  and  refining  are  similar  in  most  of  these  sub-sectors  even  though 
specific  reagents  and  techniques  may  differ.  The  one  exception  to  this  general  rule  is  the  salt 
sub-sector  where  processes  and  effluents  are  generally  much  simpler.  Water  pollution  abatement 
in  this  sub-sector  is  discussed  in  a  separate  section  of  this  report.  A  brief  discussion  of  the 
materials  and  methods  used  in  the  metal  mining  sub-sectors  will  serve  to  later  identify  potential 
contaminants  and  sources. 
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Ore  is  removed  from  both  underground  and  open  pit  mines  through  drilling  and  subsequent 
blasting.  Tne  explosives  used  may  contain  nitroglycerine  or  ammonium  nitrate,  residues  of  which 
may  remain  in  the  ore.  Lubricants  used  in  drilling  may  also  be  present,  but  have  not  been 
detected  up  to  the  time  of  MISA  regulation  monitoring. 

Milling,  also  termed  'concentrating',  consists  of  the  various  processes  used  in  separating  valuable 
minerals  from  waste  rock.  The  first  step  in  this  process  is  crushing  and  grinding  of  the  ore  to 
a  specified  fineness,  under  either  wet  or  dry  conditions.  The  most  common  means  of  then 
separating  the  selected  minerals  from  other  minerals  and  waste  rock  is  through  froth  flotation. 
Mechanical  aeration  of  ore  pulp  under  controlled  conditions  forms  bubbles  to  which  mineral 
particles  attach  themselves  and  thereby  rise  to  the  surface.  A  froth  is  formed  which  is  then 
skimmed  off.  Chemical  additives  in  trace  amounts  serve  to  control  and  optimize  this  process 
including  the  use  of  depressants  which  prevent  flotation  of  certain  minerals.  Common  additives 
include  organic  compounds  such  as  pine  oil,  cresylic  acid,  alcohols,  xanthates,  lignin  sulphaicb 
and  tannin  as  well  as  inorganic  compounds  such  as  copper,  lead  and  aluminum  salts,  bentonite 
clays,  activated  silica  and  other  mineral  salts. 

In  the  recovery  of  gold,  dissolution  in  strong  cyanide  solutions  is  used  instead  of  froth  flotation. 
The  dissolved  gold  is  then  recovered  from  the  solution  in  a  more  concentrated  form.  Uranium 
ore  is  dissolved  using  sulphuric  acid  and  recovered  from  the  solution  using  ion  exchange. 

Concentrates  are  further  processed  at  smelters  and  refineries  where  pyro-metallurgical  and 
electrolytic  methods  arc  used  to  recover  highly  purified  metal.  In  Ontario,  mills  and  their 
smelters  and  refmeries  arc  sometimes  located  close  together  and  share  effluent  treatment  and 
discharge.  ConsequenUy,  it  is  possible  to  group  mill  and  smelter  and  refinery  effluents  together 
when  planning  pollution  abatement  strategies. 

Definitions  of  the  Canadian  and  American  mining  industry  sectors  differ  considerably.  The  US 
mining  and  milling  sector  does  not  include  smelting  and  refining  and  its  subcategories  cover  a 
more  diverse  range  of  minerals  in  greater  detail  than  the  Ontario  sub-sectors.  The  same  may  be 
said  of  the  sector  covering  smelting  and  refining,  which  also  includes  secondary  refiners,  those 
who  recycle  scrap  metals.  In  Ontario  these  refiners  are  generally  indirect  dischargers  and  are  not 
included  under  the  Group  "A"  sector.  Also,  in  the  US,  ferrous  metal  manufacturing  is  covered 
under  iron  and  steel,  whereas  iron  ore  producers  in  Ontario  arc  covered  under  Group  A.  Thus 
comparison  between  Ontario  and  US  data  on  contaminant  concentrations  will  be  limited. 
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6.2     Wastewater  Sources  and  Quality 

6.2.1    Sources 

The  two  most  common  sources  of  wastewater  in  the  metal  mining  and  refining  sector  are  the 
mine  and  its  associated  facilities  and  the  tailings  disposal  area  and  its  associated  facilities. 

Minewater  effluent  has  many  sources,  the  principal  one  being  the  natural  surface  and  groundwater 
that  percolates  into  the  mine  workings.  This  must  be  pumped  out  to  prevent  flooding.  Other 
sources  include  water  used  in  the  mine  for  drilling,  dust  suppression,  pumping,  cooling  and 
sanitation.  Tailings  to  be  used  as  backfill  are  usually  conveyed  to  a  mine  using  mill  water  which 
must  then  be  removed  from  the  mine. 

Minewater  is  commonly  acidic  if  the  ore  is  sulphidic,  but  may  also  be  alkaline.  The  mechanisms 
for  the  formation  of  such  acid  mine  drainage  (AMD)  are  not  fully  understood.  However,  a  few 
hypotheses  have  been  proposed  that  describe  the  oxidation  of  the  sulphide  minerals  present  in 
the  ore.  The  initial  period  of  oxidation  is  slow,  resulting  from  the  exposure  of  sulphide  minerals 
to  oxygen  in  either  air  or  water  and  is  thought  to  be  mediated  by  biological  microorganisms.  As 
acid  begins  to  accumulate,  ferrous  iron  (Fe^*)  is  oxidized  to  ferric  iron  (Fe^)  which  precipitates 
ferric  hydroxide,  releasing  even  more  acid.  However,  as  pH  falls  past  3.5,  it  is  possible  that 
ferric  iron  oxidizes  the  sulphide  minerals  directly.  In  the  final  stage,  bacteria  also  contribute  to 
the  generation  of  acid  through  the  oxidation  of  ferrous  to  ferric  iron.  The  resulting  acidity  is 
sufficient  to  cause  the  release  of  heavy  metals  from  the  ore  into  solution.  Acid  mine  drainage, 
therefore,  is  characterized  by  low  pH  and  heavy  metal  contamination.  It  is  important  to 
recognize  that  the  reactions  that  result  in  AMD  may  continue  once  the  mine  is  inactive.  Post- 
operation  treatment  and  control  may  be  required  at  some  sites. 

The  characteristics  of  minewater  effluent  vary  considerably  with  composition  of  the  ore.  For 
example,  the  presence  of  contaminants  such  as  arsenic,  cadmium  and  chlorides  can  be  highly  site 
specific. 

Minewater  may  also  become  contaminated  with  residues  of  the  explosives  used  in  mining.  These 
residues  commonly  contain  ammonia  and  nitrates. 

A  wide  range  of  contaminants  may  result  from  the  processing  of  ore  at  concentrating  mills.  As 
a  general  rule,  these  wastewaters,  usually  in  the  form  of  slurries,  are  transponed  to  the  tailings 
area  and,  after  a  period  of  residence  in  the  tailings  pond,  evaporate  or  are  released  as  effluent 
(also  known  as  decant). 
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Process  reagents  which  may  be  present  include  those  used  in  the  flotation  process.  These  include 
surface  active  organics  as  well  as  inorganic  compounds  used  as  modifiers,  flocculants  and 
coagulants.  Cyanide  and  its  derivatives  including  cyanate  and  thiocyanate  are  present  in  the 
wastewater  from  leaching  processes  used  for  the  extraction  of  gold  and  other  precious  metals. 
It  is  important  to  recognize  that  once  again  the  choice  of  process  reagents  and  the  resulting 
wastewater  contamination  is  highly  site  specific.  Factors  such  as  the  nature  of  the  mineral 
complex  of  the  ore  as  well  as  which  metal  is  being  recovered  will  decide  which  reagents  are 
used.  As  a  general  rule,  flotation  results  in  minimal  mineral  dissolution  while  leaching  processes 
may  result  in  substantial  wastewater  contamination. 

If  flotation  occurs  under  alkaline  conditions,  sulphide  ores  may  become  panially  oxidized  to  fomi 
thiosalts.  Thiosalts  are  a  concern  because  upon  further  oxidation,  possibly  in  receiving  waters, 
Uiey  form  sulphate  and  sulphuric  acid.  Acidity  can  result  in  the  dissolution  of  oUierwise  stable 
heavy  metals.  The  presence  of  thiosalts  may  also  limit  the  degree  of  water  recycle  possible  in 
the  mill  since  they  can  cause  metallurgical  difficulties. 

Some  amount  of  oils,  solvents  and  greases  are  used  in  the  mill  as  pan  of  routine  maintenance 
of  machinery.  Another  source  of  wastewater  is  the  domestic  wastewater  generated  by  employees 
of  the  plant 

Once  disposed  of  in  tailings  areas,  process  wastewater  is  augmented  by  storm  water.  In  some 
cases,  storm  water  is  one  of  the  major  contributors  to  the  wastewater  volume. 

It  is  also  important  to  recognize  wastewater  loads  originating  at  inactive  mine  and  tailings  sites. 
Such  sites  number  in  the  thousands  in  Ontario  and  are  not  covered  by  the  monitoring  regulation 
but  will  eventually  be  subject  to  MISA  effluent  limitations  (Hawley  1990).  If  exposed  ore, 
backfill  or  tailings  are  sulphidic  and  therefore  acid-generating,  measures  for  surface  and/or  ground 
water  control  and/or  treatment  may  be  required  in  perpetuity.  Such  measures  are  discussed  in 
greater  detail  in  Section  6.3. 

Stormwater  from  parking  lots  and  loadout  areas  is  sometimes  collected  and  treated  with  other 
effluents. 

In  Ontario,  most  smelter  and  refinery  effluents  are  also  directed  to  tailings  areas.  However,  five 
plants  do  discharge  directiy  to  natural  waterways.  For  the  purposes  of  MISA,  four  effluent  types 
have  been  defined:  minewater  effluent,  process  effluent  (tailings  area  decant),  smelter/refinery 
effluent  and  stomiwater  effluent  (MOE  1989). 
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6.22    Quality 

The  Development  Document  for  the  Draft  Effluent  Monitoring  Regulation  for  the  Ontario  Mineral 
Industry  Sector:  Group  "A"  identifies  contaminants  of  concern  for  each  sub-sector  and  effluent. 
The  sub-sectors  and  effluents  within  each  sub-sector  have  many  contaminants  in  common 
although  they  vary  in  relative  importance  among  the  sub-sectors.  A  number  of  sub-sectors  also 
have  contaminants  unique  to  that  sub-sector.  The  major  contaminants  of  concern  for  this  sector 
are:  pH,  Suspended  Solids,  Oil  and  Grease,  Ammonia,  Arsenic,  Copper,  Lead,  Nickel,  and  Zinc. 
Minor  contaminants  or  contaminants  of  concern  specific  to  cenain  sub-sectors  include:  Chlorides, 
Sulphates,  Dissolved  Solids,  Mercury,  Cyanide  and  Phenols. 

Table  6-1  presents  the  results  of  pre-regulation  monitoring  in  the  Ontario  metal  mining  and 
refining  sector.  Although  only  a  limited  number  of  samples  were  taken  in  these  rounds  of 
sampling,  these  data  are  considered  the  most  accurate  and  reliable  information  available  on  the 
sector  and  its  effluents.  The  data  have  been  summarized  by  presenting  ranges  of  values  for 
various  sub-sectors  and  types  of  effluents.  They  should  not,  however,  be  construed  as  typical  or 
average  values.  Such  assessments  may  be  possible  after  the  results  of  MISA  monitoring  under 
regulation  are  available,  however,  it  is  important  to  recognize  the  highly  site  specific  nature  of 
minewaters  and  tailings  decants. 

It  should  also  be  noted  that  the  MISA  program  does  not  address  environmental  impacts 
associated  with  radionuclides.  Thus  discussion  of  the  Uranium  sub-sector  is  limited  to  the  MISA 
list  of  contaminants  and  does  not  include  radium  or  other  decay  isotopes. 


6.3     Pollution  Abatement 


6.3.1     Existing  Treatment 

As  noted  above,  most  plants  in  this  sector  use  tailings  areas  for  the  disposal  of  the  waste 
remaining  after  concentrating.  In  most  instances,  minewater,  stormwater  and  smelter/refinery 
effluents  are  also  treated  in  the  tailings  area.  The  main  objectives  are  the  control  of  suspended 
solids,  cyanide  and  heavy  metals  but  because  retention  times  may  span  months  or  years,  a 
number  of  other  processes  may  also  be  active.  These  include  bio-chemical  degradation,  aeration 
and  photo-decomposition. 

Other  treatment  functions  performed  by  tailings  areas  include: 

-  permanent  disposal  of  settled  tailings  and  precipitates 

-  flow  equalization,  especially  of  storm  water 

-  effluent  quality  equalization 
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TABLE  6-1   Preregulation  Monitoring  Data  for  the  Metal  Mining  and  Refining  Sector  in 
Ontario' 


MNEWATER 

PROCESS  WATER 

STORM  WATER 

Comamlrujit 

Cu/Pb/Nl/Zn 

Cu/Ptirtll/2n 

Gold 

Salt" 

Uranium* 

Iron' 

CulPVMUZif 

CywiM* 

<0.00 1-0.003 

<0.001-0.01 

<0.001 -0.036 

Ainmonl* 

0^1.8 

0.14-66 

1.3-17.2 

0.05 

1.4 

0.32 

026 

NitraM 

a5-20.8 

0.15-2.76 

1.75-16.1 

0.22 

SO 

028 

Nitrtu 

029-5.37 

<0.02-O.S6 

0.305-3.1 

11 

Total  Su«p«nd«<j 

SoIkU 

l-3fl 

<2.0-19.8 

<Z0-10.2 

21 

6.4 

2.5 

13 

on  t  Qivu* 

<  1.0-2 

<1.0-10.0 

<  1.0-37 

3.0 

1.5 

Toul  Ptwnol* 

0.018-2.6 

<0.001-262 

0.001-1 

0.056 

0X>33 

oxa* 

Aluminum 

O.OfrO.ie 

<0.03^.S3 

<0.03^.14 

0.17 

12 

0.0SS 

0.14 

Cadmium 

0.001-0.008 

<O.0Q2-O.0O5 

. 

Ctiramlum 

<0.02-0.1 

<0.0 1-0.02 

Coppar 

<0.01-0.11 

<0.02-0.24 

0.013 

Cobalt 

<o.oi-o.05e 

<0.01-0.11 

0.03-14 

Laad 

0.02-C0.03 

. 

MolyManum 

<0.Q2^]i]2 

0.665-0.B4 

oxiei 

Mckal 

<0X1-0.O31 

<0.01-O.18 

0.067-0.135 

0.06 

0.039 

zme 

<0.01-1J 

<0.01-0.23 

0.04 

0.02 

Araanic 

0.001 -e0.005 

<0.006-0.01 

<0.006-0.00e 

0.025 

Antimony 

<0.006-0.01 

<O.0O5-O.0O8 

<0.005-3 

Salonium 

0.002-<0.005 

<0.006-0.21 

<0.005-0.015 

Hauvalant 
Chromium 

0.1 

<0.01-0.07 

nd 

nd 

nd 

nd 

nd 

Uarcury 

<0.0001-0i)1 

<o.caoi-oj)i 

<0,OOOi-4i 

Toiic  Organka 

o-i)rtaoa 
dho-oa/i 
phthalala 

(MiyOto- 

aOwticacKl 

a.-rwxayl 
pMhalala 
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Other  common  treatments  include  neutralization  using  lime  and  oxidation  of  cyanide  in  the  gold 
sub-sector.  Sometimes  acid  minewater  is  not  directed  to  a  tailings  area  and  neutralization  plants 
are  common  for  treatment  of  heavy  metals  and  acidity. 

A  number  of  mechanical  treatment  systems  for  the  removal  of  cyanide  are  currently  in  use  in 
Canada.  These  include:  alkaline  chlorination,  hydrogen  peroxide  and  variations  on  the  use  of 
sulphur  dioxide.  All  of  these  treatment  systems  will  be  discussed  in  greater  detail  in  Section 
6.3.3. 


6.3.2    Waste  Reduction  and  Recycling 

Waste  reduction  in  the  mining  sector  should  focus  on  two  important  areas:  acid  mine  drainage 
and  tailings  design  and  operation. 

The  prevention  of  acid  mine  drainage  has  met  with  limited  success.  The  most  effective  means 
to  date  has  involved  minimizing  access  of  air  to  sulphide  minerals  to  prevent  the  initiation  of  the 
necessary  reactions.  Since  this  approach  usually  involves  flooding  the  mine  workings,  it  is  used 
only  upon  completion  of  mining.  Limiting  the  access  of  water  is  not  as  effective  in  preventing 
formation  of  acid  but  does  limit  the  amount  of  drainage  from  the  mine  and  therefore  minimizes 
impacts  to  the  surrounding  environment.  Minimizing  water  infiltration  is  achieved  through  the 
construction  of  diversion  works,  surface  coverings  and  infiltration  galleries.  Thus  it  is  apparent 
that  prevention  and  control  of  acid  mine  drainage  must  be  incorporated  into  mining  plans  at  the 
earliest  possible  stage. 

The  design  and  operation  of  tailings  areas  can  have  an  impact  on  their  short  and  long  term 
impact  on  the  surrounding  environment.  Four  main  disposal  methods  exist  and  each  is  best 
suited  to  a  particular  set  of  circumstances.  Conventional  taihngs  disposal  methods  involve  the 
release  of  tailings  from  the  crest  of  a  dam  through  spigots  or  cyclones,  thereby  providing  the 
coarse  material  required  for  the  raising  of  the  dam  as  the  pond  is  filled.  When  used,  cyclones 
size  the  material  and  ensure  that  the  coarser  grades  are  used  in  dam  raising.  This  configuration 
results  in  minimal  seepage  as  compared  to  discharge  remote  from  the  dam  but  may  result  in 
difficuh  run-off  control  on  abandonment.  Seepage  is  also  minimized  by  maintaining  a  relatively 
low  water  surface  elevation  in  the  pond.  This  ensures  that  seepage  is  controlled  by  the  finer 
particles  settled  remote  from  the  dam. 

Sub-aqueous,  or  underwater,  disposal  of  tailings  can  be  beneficial  in  the  case  of  acid  generating 
taihngs.  Especially  where  perpetual  flooding  of  the  area  is  feasible,  this  method  will  minimize 
the  oxidizing  effects  of  exposure  to  air.  However,  only  limited  environmental  impact  data  are 
available  where  this  method  is  used  to  dispose  of  tailings  in  existing  lakes. 

Another  relatively  new  method  of  disposal  involves  the  use  of  spray  bars  to  spread  the  tailings 
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in  thin  layers.  This  is  known  as  sub-aerial  deposition  and  results  in  well-drained  and 
consolidated  deposits  which  exhibit  low  vertical  permeability  and  high  run-off  coefficients.  Thus 
long  term  seepage  is  minimized.  Because  the  supernatant  travels  at  low  velocity  over  the  surface 
of  the  tailings,  it  is  relatively  low  in  suspended  solids  levels.  However,  this  method  has  not  been 
demonstrated  in  cold  climates. 

A  final  method  of  tailings  disposal  is  the  thickened  tailings  method.  In  this  method,  tailings  arc 
thickened  before  being  released  to  the  tailings  area,  thus  reducing  total  volume  required. 
Disposal  occurs  at  the  centre  of  the  area,  resulting  in  low  seepage  both  downward  and  through 
the  peripheral  dam.  However,  overflow  to  a  clarification  pond  will  be  required  since  high 
suspended  solids  levels  result  from  the  high  water  velocities. 

A  number  of  design  parameters  are  well  established  for  the  successful  operation  of  tailings  areas. 
Detention  times  of  5  days  are  required  for  sedimentation  provided  that  no  short-circuiting  occurs. 
This  value  rises  to  30  days  and  longer  in  winter  if  oxidation  is  another  treatment  objective  of  the 
pond.  Areas  of  from  5  to  12  ha  are  required  for  the  treatment  of  1000  tonnes  of  solids  per  day. 
In  order  to  avoid  high  suspended  solids  at  the  effluent,  depth  of  water  below  the  discharge  point 
should  be  2  m.  Freeboard  of  at  least  1  m  should  be  provided  above  the  flood  design  depth  and 
should  be  increased  if  the  fetch  is  particularly  long  or  prevaihng  winds  strong. 


Wherever  feasible  in  Ontario,  tailings  area  decant  and  minewater  are  used  as  make-up  water  in 
mills.  These  practices  may  of  course  be  hmited  by  practical  considerations  such  as  process 
metallurgy  or  the  transpon  distances  involved.  These  practices  arc  common  in  all  sub-sectors 
but  silver  and  salt.  The  U.S.  EPA  Treatability  Manual  (1980)  reports  that  recycling  of  tailings 
arca  decant  can  reduce  effluent  flows  by  50%,  resulting  in  down-sizing  of  subsequent  treatment 
facilities  and  increased  recovery  of  metal  values.  At  mills  where  this  may  not  be  feasible, 
recycling  of  process  water  made  possible  through  thickening  and  filtration  of  tailings  can  reduce 
flows  by  5%  to  17%. 

In  some  instances,  tailings  may  be  used  as  backfill  in  mines.  Recovered  water  from  dewatering 
the  effluent  is  removed  with  natural  minewater  and  may  thus  by  recycled  to  the  mill. 

In  Ontario  mills,  process  modifications  and  chemical  reagent  substitution  are  used  to  eliminate 
toxic  and/or  persistent  discharges.  For  example,  the  use  of  ammonia  as  a  reagent  has  been 
virtually  eliminated  in  mills  except  the  uranium  sub-sector.  However,  ammonia  remains  a 
contaminant  of  concern  since  it  is  used  in  blasting  and  can  consequently  contaminate  the 
wastewater. 

The  cyanidation  of  gold  using  the  Carbon-in-Pulp  (CIP)  process  results  in  the  disposal  of 
substantial  amounts  of  waste  cyanide.  Recovery  of  waste  cyanide  is  currently  being  investigated 
through  a  pilot  program  at  the  Dome  Mine  in  Timmins.  The  process  involves  the  use  of  chelated 
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resins  in  an  ion  exchange  process  to  recover  both  cyanide  and  metals  from  the  wastewater  stream. 
Results  of  this  program  have  yet  to  be  published,  but  it  is  expected  that  reduced  wastewater 
loadings  of  cyanide  and  metals  will  be  achieved  if  the  process  goes  on  to  be  applied  at  full-scale. 

In  the  Uranium  sector,  dissolved  uranium  is  recovered  from  solution  using  ion  exchange.  The 
resins  required  are  sensitive  to  process  water  quality,  which  limits  the  degree  to  which  tailings 
water  recycle  may  be  practised. 

In  addition,  chemical  storage  areas  are  usually  indoors,  eliminating  the  need  for  run-off  collection 
and  treatment. 

The  use  of  water  recycling  and  reagent  substitution  will  increase  if  MISA  monitoring  indicates 
that  these  sources  make  a  significant  contribution  to  wastewater  loadings. 

6.33    Abatement  Technologies 


6.33.1  General 

The  purpose  of  this  section  is  to  outline  technically  feasible  wastewater  treatment  in  the  metal 
mining  and  refining  sector  in  Ontario.  As  emphasized  in  the  MOE  development  document 
(1989),  the  most  critical  treatment  required  in  this  sector  is  the  control  of  suspended  solids  and 
pH,  and  thereby  metals,  and  in  many  cases  no  further  treatment  has  historically  been  required. 
The  results  of  the  monitoring  program  currently  underway  under  regulation  will  be  used  to  make 
final  determinations  on  this  issue  on  a  sector-wide  basis.  The  purpose  of  this  examination  of 
abatement  technologies  is  to  provide  technical  information  for  the  subsequent  economic  analyses. 
Some  potential  add-on  technologies  are  proposed  for  each  of  the  mining  subsectors. 

As  discussed  in  previous  sections,  four  types  of  effluent  are  generated  by  the  metal  mining  and 
refining  sector  minewater,  process  effluent,  storm  water  and  smelter/refinery  effluent.  Where 
possible,  these  streams  are  all  either  recycled  or  directed  to  tailings  areas.  Otherwise,  discharge 
to  natural  waterways  is  practised.  The  nature  of  these  effluents  are  generally  similar  in  terms  of 
contaminants  present  and  in  most  cases  they  currently  receive  combined  treatment.  Potential 
discharge  treatment  plans  for  combined  effluent  such  as  tailings  area  decant  v>dll  be  presented  in 
this  section. 

The  integration  of  the  technologies  proposed  is  highly  dependent  on  the  existing  treatment 
facilities  and  the  nature  of  the  effluent.  The  effluent  monitoring  regulation  applies  to  only  58 
sites  in  Ontario  whereas  there  are  thousands  of  sites  which  may  be  affected  by  any  effluent 
limitations  established.  Thus  it  was  not  feasible  to  consider  effluents  from  each  site  in  detail. 
Information  from  two  main  documents  (MOE  1989  and  Environment  Canada  1987)  was  used  to 
establish  the  nature  and  extent  of  existing  treatment. 
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Tailings  areas  arc  often  created  by  the  diversion  of  natural  waterways.  Thus  it  is  important  to 
recognize  that  flowrates  in  this  sector  can  be  comparatively  high.  This  has  some  impact  on  the 
selection  of  potential  treatment  technologies,  but  for  the  most  pan,  the  economic  feasibility  of 
implementing  these  technologies  will  be  determined  by  detailed  economic  analyses  not  addressed 
in  this  study. 

The  use  of  mechanical  treatment  technologies  is  relatively  new  to  the  mining  sector,  most 
systems  having  been  implemented  since  the  mid-1970's.  Until  that  time,  the  use  of  tailings  areas 
to  accomplish  treatment  objectives  was  most  common.  This  study  focuses  on  mechanical 
treatment  technologies  since  the  economics  of  tailings  area  treatment  is  highly  site-specific,  and 
tailings  areas  represent  a  cost  of  operation  in  any  event,  necessary  to  mining  and  milling 
operations.  Mechanical  treatment  systems  may  be  implemented  to  treat  tailings  area  decant  if 
required.  In  the  case  of  non-point  source  effluent  such  as  minewater  from  abandoned  sites, 
abatement  will  focus  on  reduction  as  described  in  Section  6.3.2  but  if  required,  collection  systems 
could  be  implemented  for  the  provision  of  centralized  mechanical  treatment. 

The  Salt  sub-sector  represents  an  exception  in  the  metal  mining  and  refining  sector.  As  noted 
earlier,  effluents  are  generally  less  complex  and  treatment  under  consideration  differs  from  the 
other  subsectors.  The  special  case  of  the  Salt  sub-sector  will  be  discussed  in  Section  6.3.3.2. 

As  noted  above,  most  existing  treatment  in  the  mining  sector  focuses  on  removal  of  metals.  This 
is  accomplished  through  the  precipitation  of  metal  hydroxides  achieved  by  the  addition  of 
alkaline  reagents  such  as  lime.  Caustic  soda  and  sodium  carbonate  can  also  be  used  but  arc  morc 
expensive  than  lime.  Soluble  iron  may  also  be  precipitated  in  this  process  if  it  is  first  oxidized 
to  the  ferric  form  by  oxygen  supplied  by  an  aeration  system.  However,  since  mining  wastewaters 
may  contain  high  levels  of  sulphate,  the  formation  of  calcium  sulphate  scale  during  lime 
treatment  may  require  that  wastewater  treatment  equipment  be  cleaned  periodically.  Acid  mine 
drainage  (AMD)  may  also  be  treated  by  this  method. 

Various  chemical  oxidation  processes  are  used  for  the  destruction  of  cyanide  in  the  mining  sector. 
Traditionally,  removal  of  cyanide  has  been  achieved  in  tailings  ponds  through  conversion  to 
hydrogen  cyanide  and  subsequent  volatilization.  Hydrogen  cyanide  is  formed  as  pH  drops  in  the 
tailings  pond  due  to  absorption  of  atmospheric  carbon  dioxide.  Other  factors  which  promote 
volatilization  include  warm,  ice-free  conditions,  high  surface  arca-to-depth  ratios,  aeration, 
agitation  and  exposure  to  light.  A  number  of  other  minor  processes  may  also  contribute  to  the 
destruction  of  cyanide.  Such  natural  degradation  may  in  many  instances  be  sufficient  but  a 
number  of  mechanical  treatment  systems  have  been  developed  for  those  cases  where  it  is  not. 

Chlorination  of  wastewater  under  alkaline  conditions  results  in  the  oxidation  of  cyanide  to  the 
less  toxic  cyanate  and,  if  treatment  is  continued  to  a  lower  pH,  to  nitrogen  gas  and  bicarbonate 
ion.  This  process  is  falhng  from  favour,  however,  due  to  concerns  over  chlorine  residuals  in  the 
effluent  and  the  excessive  amounts  of  chlorine  which  may  be  consumed  in  side  reactions.  Other 
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chemical  oxidation  processes  which  have  been  developed  as  a  result  of  these  concerns  include 
the  INCO  SOj-Air  process,  the  Noranda  SOj  process  and  oxidation  using  hydrogen  peroxide. 

Depending  on  the  content  of  the  ore  being  mined,  arsenic  may  be  a  contaminant  of  concern. 
Lime  may  be  used  to  precipitate  calcium  arsenate.  In  Canada,  the  addition  of  ferric  sulphate 
instead  of  lime  is  sometimes  used  for  improved  stability  and  insolubility  of  the  resulting  ferric 
arsenate  precipitates. 

In  order  to  effect  complete  treatment,  a  number  of  other  treatment  technologies  currently  used 
in  other  sectors  may  eventually  be  considered  for  use  in  the  mining  sector  in  addition  to  those 
described  above.  Where  hexavalent  chromium  is  of  concern,  chemical  reduction  would  be  used 
ahead  of  sedimentation  with  lime  addition.  Residual  levels  of  ammonia  and  phenols  could  be 
treated,  if  required,  using  chemical  oxidation  (breakpoint  chlorination).  For  the  purposes  of  this 
study,  the  costs  of  chemical  oxidation  using  breakpoint  chlorination  will  be  assumed  to  be 
approximately  the  same  as  those  for  alkaline  chlorination.  The  otherwise  inorganic  nature  of 
mining  wastewaters  precludes  the  use  of  biological  treatment  technologies.  Two  funher  points 
should  be  noted.  FirsUy,  there  have  recentiy  been  questions  raised  as  to  the  source  of  phenols 
in  mining  wastewaters  and  whether  they  v/ill  require  treatment.  It  is  conceivable  that  phenols 
may  be  a  product  of  nauiral  processes  in  tailings  ponds.  Secondly,  a  certain  amount  of 
potentially  toxic  chloramines  and  chlorophenols  could  be  produced  using  chemical  oxidation. 
These  could  be  removed  using  granular  activated  carbon  adsorption.  If  treatment  of  low, 
residual  levels  of  other  organics  was  required,  granular  activated  carbon  adsorption  could  again 
possibly  be  implemented.  Enhanced  removal  of  suspended  solids  could  be  achieved  using 
granular  media  filtration.Where  TDS  or  residual  levels  of  metals,  nitrates  or  other  dissolved 
species  were  of  concern,  ion  exchange  could  be  designed  to  produce  effluents  of  extremely  low 
concentrations. 

Table  6-2  presents  a  number  of  alternative  treatment  plans  which  combine  the  above-noted 
technologies.  These  plans  attempt  to  address  a  range  of  possible  treatment  scenarios,  fix)m 
primary  treatment  through  to  the  most  advanced  treatment  possible.  Some  effort  is  also  made 
to  recognize  existing  treatment  levels  in  the  plans  for  each  of  the  subsectors,  but  as  noted  above, 
there  are  a  large  number  of  sites  potentially  affected  by  MISA.  While  some  of  these  plans  may 
not  be  required  once  the  results  of  MISA  monitoring  under  regulation  are  available,  they  are 
presented  here  for  the  purposes  of  the  economic  analyses. 

It  is  important  to  recognize  that  it  has  been  impossible  to  address  site-specific  problems  in  the 
formulation  of  treatment  plans.  Thus,  for  example,  plant-specific  measures  may  be  required  to 
mitigate  the  problems  of  corrosion  and  scale  depending  on  the  nature  of  the  wastewater,  and 
implementation  of  advanced  technologies  such  as  GAC  and  ion  exchange  may  be  highly 
dependent  on  such  measures.  However,  such  problems  would  be  addressed  at  the  functional 
design  stage  of  a  plant-specific  project. 
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Table  6-2  Alternative  Treatment  Plans  for  the  Metal  and  Salt  Mining  Sector 


Treatment  Technologies 

Primary 

Chemical  Reduction 

Sedimentation  with 
Lime  Addition 

Tertiary 
Chemical  Oxidation 

Granular  Media  Filtration 


Granular  Activated  Carbon 
Adsorption 

Ion  Exchange 


Mining  Subsectors 

Copper,  Lead,  Nickel  &  Zinc 

Gold 

Iron 

Silver 

Uranium 

Salt 


Alternative  Treatment  Plans 
6-1         6-2  6-3  6-4         6-5 


Alternative  Treatment  Plans 


6-1 


6-2 


6-3 


6-4 


6-5 


6-6 


6-6 


Purpose 


Removal  of  TSS. 
metals 


Removal  of  cyanide, 

phenols  and  ammonia 

Removal  of  TSS, 
particulate  metals 

Removal  of  organics 


Removal  of  dissolved 
solids,  metals,  salts, 
nitrites,  and  nitrates 
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Table  6-3  presents  data  on  the  removal  efficiencies  for  each  of  the  technologies  listed  in 
Table  6-2  for  a  range  of  contaminants.  These  data  are  for  individual  technologies  and 
cumulative  removals  must  be  calculated  for  the  treatment  plans  of  Table  6-2.  These  treatment 
plan  contaminant  removal  efficiencies  are  presented  in  Table  6-4.  Such  cumulative  removals 
will  exhibit  an  even  larger  range  of  uncenainty  than  the  data  themselves.  It  is  important  to 
recognize  that  these  removals  arc  not  specific  to  the  mining  sector,  nor  arc  they  selected 
based  on  other  criteria  such  as  influent  concentration.  They  provide  a  starting  point  for  the 
economic  analyses  and  may  be  updated  as  more  information  becomes  available. 

6.33.2  The  Salt  Sub-sector 

As  noted  above,  the  salt  sub-sector  is  considerably  differcnt  and  less  complex  than  metal 
mining  subsectors.  For  the  most  part,  salt  is  simply  mined,  sized  and  packed,  with  little 
processing  rcquired.  The  most  common  impurity  is  doloinite,  a  calcium-magnesium 
carbonate.  In  addition,  sodium  ferrocyanide  may  be  added  to  the  salt  in  trace  amounts. 
Some  salt  is  recovered  from  brine  by  evaporation.  Thus  wastewater  will  contain  high  levels 
of  both  suspended  and  dissolved  solids,  mainly  as  dolomite  solids  and  sodium  chloride, 
respectively.  The  only  existing  treatment  at  the  two  plants  in  this  sub-sector  consists  of 
settling  basins.  It  should  also  be  noted  that  one  of  the  technologies  used  to  recover  salt  is 
the  evaporation  of  saturated  brine  solutions. 

It  is  not  clear  at  this  time  what  potential  further  treatment  may  be  required  in  the  salt  sub- 
sector.  It  is  conceivable  that  enhanced  removal  of  suspended  solids  may  be  achieved  by 
granular  media  filtration.  The  removal  of  total  dissolved  solids  presents  a  unique  problem 
since  the  wastestrcams  generated  tend  to  be  either  high  volume/low  concentration  or  low 
volume/high  concentration.  Recent  studies  by  Environment  Canada  indicate  that  two  novel 
technologies  have  potential  for  application  in  the  salt  sub-sector.  These  have  been  developed 
in  conjunction  with  the  supply  of  potable  water  from  seawater  or  contaminated  groundwater. 
Since  neither  of  these  technologies  have  been  implemented  at  full  scale  in  wastewater 
treatment,  discussion  will  be  limited  to  the  results  of  the  studies  and  the  economic  analyses 
will  not  take  these  technologies  into  account. 

The  first  of  these  technologies  is  vapour  compression  evaporation  (VCE).  This  is  a 
modification  of  evaporative  techniques  currently  in  use.  The  vapour  produced  is  compressed 
to  higher  temperature  and  pressure  and  then  used  to  heat  incoming  water.  In  this  way,  the 
energy  contained  in  the  vapour  is  recycled  in  the  process.  This  reduces  the  number  of  stages 
required  for  evaporation,  reducing  capital  costs  and,  also,  conservation  of  energy  reduces 
operating  costs. 
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Metal  Mining  and  Refining 

The  other  technology  under  consideration  in  the  salt  sub-sector  is  vacuum  freeze 
concentration  (VFC).  In  this  process,  a  vacuum  is  created,  causing  the  evaporation  of  a 
portion  of  the  water,  and  freezing  of  the  remainder,  leaving  an  ice-brine  mixnjre.  Salt 
crystals  may  be  recovered  from  the  remaining  brine.  Environment  Canada's  studies  have 
produced  cost  estimates  for  two  scenarios:  a  high  volume/low  TDS  stream  (2,000  mVday; 
15,000  mgA-)  and  a  low  volume/high  TDS  stream  (200  mVday;  390,000  mg/L).  These  costs 
are  summarized  in  Table  6-5. 


6.4     Treatment  Plan  Costs 

Table  6-4  presents  treatment  plans  for  typical  mines.  The  treatment  plans  are  combinations 
of  the  technologies  described  in  the  preceding  sections.  Tables  6-6  and  6-7  present  data  on 
treatment  plan  costs  for  a  range  of  wastewater  flowrates  for  each  of  these  plans  by  mine 
outlined  in  Table  6-2.  Table  6-6  presents  the  estimated  costs  for  copper,  lead,  zinc  and  nickel 
mines.  Table  6-7  presents  the  estimated  costs  for  gold  mines,  salt  mines,  uranium  mines  and 
iron  ore  mines.  The  estimated  costs  presented  in  these  Tables  incorporate  economy  of  scale 
factors  and  were  calculated  for  different  flowrates  representative  of  the  metal  mining  and 
refining  sector.  The  estimated  costs  include  total  capital  costs,  annual  operating  costs  and 
total  annualized  cost. 

The  treatment  plans  developed  account  for  the  range  of  treatments  exisnng  in  the  sector.  It 
should  be  noted  that  very  little  information  was  available  from  the  MOE  development 
document  on  existing  treatment  specific  to  each  of  the  major  processes  outlined  at  the 
beginning  of  this  chapter.  For  this  reason,  the  treatment  plan  costs  outlined  here  focus  on 
final  effluent  only.  It  should  also  be  recognized  that  because  final  effluent  may  be  diluted 
by  non-contact  cooling  and/or  storm  water  before  final  discharge,  the  limits  of  certain 
treatment  technologies  may  be  exceeded.  Therefore,  the  following  treatment  plans  should 
eventually  be  applied  only  with  regard  to  MISA  final  effluent  data  as  it  becomes  available. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980)  and  in-house  information  on  total  construction  costs  from  recent  CH2M  Hill  projects. 
Total  capital  costs  include:  equipment  and  installation;  and  engineering  and  design  outlays. 
Land  costs,  which  are  highly  variable,  are  not  included.  Total  operating  costs  include:  labour, 
maintenance;  power,  and  any  required  chemical  purchases  and  waste  disposal.  Total 
annualized  costs  are  equal  to  total  capital  costs  discounted  at  a  rate  of  10  per  cent  over  30 
years  plus  annual  operating  costs.  No  accommodation  was  made  for  costs  savings  that  might 
accrue  from  installing  more  than  one  technology  component  at  the  same  time.  Costs  were 
indexed  to  May  1989  values  using  the  Engineering  News  Record  construction  index. 

More  detail  on  the  economic  assumptions  utilized  is  provided  in  the  Treatment  Technology 
Costs  Appendix  (Appendix  B). 
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Table  6-5  Summary  of  Cost  Estimates  for  VCE  and  VFC  Technologies 


Capital  Cost 

Annual  Operating  Cost 

(000  OOO's  1990$) 

(000  OOO's  1990$) 

VCE 

High  Volume 

9.674 

1.236 

Low  Volume 

3.446 

0.530 

VFC 

High  Volume 

7.751 

1.126 

Low  Volume 

2.087 

0.624 

6.5     Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

The  results  for  the  Minimum  Technically  Achievable  Loading  strategy  in  the  metal  mining  and 
refining  sector  are  presented  in  Table  6-8.  Total  suspended  solids  is  the  contaminant 
evaluated. 

Due  to  a  lack  of  plant  specific  information,  the  cost  estimates  for  the  metal  mining  sector  are 
for  representative  or  generic  plants.  The  cost  per  kilogram  of  TSS  removed  varies  widely 
between  plants  and  type  of  mining  and  refining  operation.  The  highest  cost  for  TSS  removal 
is  incurred  by  iron  mining,  ranging  between  $545  and  almost  $1,400  per  kilogram  of  TSS 
removed.  Salt  mining  and  refining  are  estimated  to  have  the  lowest  cost  per  kilogram  of  TSS 
removed,  between  $64  and  $162.  About  99  per  cent  of  TSS  loadings  could  be  removed  from 
the  wastewater  stream  of  mining  and  refining  operations  in  the  Province. 

The  Minimum  Technically  Achievable  Loading  strategy  presented  in  Table  6-8  is 
representative  of  the  modelling  conducted.  The  Least  Cost,  Maximum  Allowable  Loading  and 
Maximum  Allowable  Loading  per  Unit  of  Production  strategies  can  also  be  estimated  by  the 
model.  Estimates  of  removal  efficiencies  and  wastewater  pollutant  concentrations  and 
loadings  can  be  revised  in  the  database  as  new  information  becomes  available.  Different 
combinations  of  technologies  can  also  be  developed  from  the  database  and  included  in  the 
strategy  modelling  as  new  information  and  data  become  available.  A  description  of  the 
modelling  methodology  is  provided  in  Appendix  C. 


Table  6-6:  TreatmMit  Plan  Costs  by  Source  -  Total 

Capital,  Operating  and  Annualized  Costs 


Source 


1989  Dollars 

Total3 

Wastewater 

Operatlng2 

Aruiualized 

Row 

Total  Capltall 

Costs 

Costs 

(M3/PAY) 

Costs 

per  Year 

per  Year 

Sedimentatioa  with  Chemical  Addition,  Chemical  Oxidation  and  Granular 
Media  Filtration 


Small  (Pb/Fe/Nl/Zn) 

1000 

$4  643  555 

$544  760 

$1  037  344 

Medium  (Pb/Fe/Ni/Zn) 

5  000 

$13  016  713 

$2  343  718 

$3  724  521 

Large  (Pb/Fe/NI/Zn) 

25  000 

$36  684  419 

$10  942  550 

$14  834  006 

Sedimentation  with  Chemical  Addition,  Chemical  Oxidation,  Granular  Media 
nitration.  Granular  Activated  Carbon  Adsorption  and  Ion  Exchange 


Small  (Pb/Fe/Ni/Zn) 

1000 

$6  928  378 

$774  957 

$1509  914 

Medium  (Pb/Fe/Ni/Zn) 

5  000 

$19  384  774 

$3  287  865 

$5  344  188 

Large  (Pb/Fe/Ni/Zn) 

25  000 

$54  542  300 

$15  230  201 

$21  016  007 

Granular  Media  Hltration 


Small  (Pb/Fe/Ni/Zn) 

1000 

$3  751  204 

$96  835 

$494  760 

Medium  (Pb/Fe/Ni/Zn) 

5  000 

$10  678  276 

$278  423 

$1  411  166 

Large  (Pb/Fe/Ni/Zn) 

25  000 

$30  397  066 

$995  219 

$4  219  717 

Granular  Media  Filtration  and  Granular  Activated  Carbon  Adsorption 

Small  (Pb/Fe/Ni/Zn) 
Medium  (Pb/Fe/Ni/Zn) 
Large  (Pb/Fe/Ni/Zn) 


1000 

$5  236  026 

$167  033 

$722  466 

5  000 

$14  578  203 

$559  995 

$2  106  440 

Î5  000 

$40  640  331 

$2  220  758 

$6  531  854 

Table  6-6: 


Treatment  Plan  Costs  by  Source  -  Total 
Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

Total3 

Wastewater 

Operating2 

Annualized 

Row 

Total  Capitall 

Costs 

Costs 

Source                (M3/DAY) 

Costs 

per  Year 

per  Year 

Sedimentation  wiâi  Chemical  Addition 

Small  (Pb/Fe/Ni/Zn)                 1  000 

$488  304 

$273  506 

$325  305 

Medium  (Pb/Fe/Ni/Zn)              5  000 

$1  091  882 

$1  300  670 

$1416  496 

Large  (Pb/Fe/Ni/Zn)               25  000 

$2  441  522 

$6  338  839 

$6  597  834 

Sedimentation  with  Chemical  Addition  and  Granular  Media  Hltration 

Small  (Pb/Fe/Ni/Zn) 

1000 

$4  239  508 

$370  341 

$820  065 

Medium  (Pb/Fe/Ni/Zn) 

5  000 

$11770158 

$1  579  093 

$2  827  663 

Large  (Pb/Fe/Ni/Zn) 

25  000 

$32  838  588 

$7  334  058 

$10  817  550 

Sedimentation  with  Chemical  Addition,  Granular  Media  Hltration  and 
Granular  Activated  Carbon  Adsorption 

Small  (Pb/Fe/Ni/Zn)  1  000  $5  724  330  $440  539         $1  047  771 

Medium  (Pb/Fe/Ni/Zn)  5  000  $15  670  085       $1860  665         $3  522  936 

Large  (Pb/Fe/Ni/Zn)  25  000  $43  081853       $8  559  597       $13  129  688 

Sedimentation  with  Chemical  Addition,  Granular  Media  Hltration,  Granular 
Activated  Carbon  Adsorption  and  Ion  Exchange 


Small  (Pb/Fe/Ni/Zn)  1  000 

Medium  (Pb/Fe/Ni/Zn)  5  000 

Large  (Pb/Fe/Ni/Zn)  25  000 


$6  524  330  $600  539 

$18  138  220       $2  523  240 
$50  696  469     $11621708 


$1  292  635 

$4  447  329 

$16  999  551 


Sedimentation  with  Chemical  Addition  and  Chemical  Oxidation 


Small  (Pb/Fe/Ni/Zn) 
Medium  (Pb/Fe/Ni/Zn) 
Large  (Pb/Fe/Ni/Zn) 


1000 

$892  352 

$447  924 

$542  584 

5  000 

$2  338  436 

$2  065  296 

$2  313  355 

25  000 

$6  287  353 

$9  947  331 

$10  614  289 

Table  6-6: 


Treatment  Plan  Costs  by  Source  -  Total 
Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

Totao 

Wastewater 

Operating2 

Annualized 

Flow 

Total  Capitall 

Costs 

Costs 

(M3/DAY) 

£fiSt& 

per  Year 

per  Year 

Sjmm 


Chemical  Reduction,  Sedimentation  with  Chemical  Addition, 
Chemical  Oxidadon,  Granular  Media  Hltiation,  Granular  Activated 
Caibon  Addition  and  Ion  Exchange 


Small  (Pb/Fe/NI/Zn)  1  000 

Medium  (Pb/Fe/Ni/Zn)  5  000 

Large  (Pb/Fe/Ni/2n)  25  000 


$7126  821  $1039  906 
$19  905  991  $4  521001 
$55  91 1  290      $21  235  567 


$1795  914 

$6  632  614 

$27166  595 


Çhy^miç^l  Redaction,  Sedimentation  with  Chemical  Addition  and  Gianular 
Media  Filtration 


Small  (Pb/Fe/Ni/Zn)  1  000 

Medium  (Pb/Fe/Ni/Zn)  5  000 

Large  (Pb/Fe/Ni/Zn)  25  000 


$4437951  $635290  $1106065 

$12  291375        $2  812  229  $4116  089 

$34  207  578      $13  339  424       $1 6  968  138 


ChcifTricfll  Reduction,  Sedimentation  with  Chemical  Addition,  Granular 
Media  Hltration  and  Granular  Activated  Carbon  Addition 


Small  (Pb/Fe/Ni/Zn)  1  000 

Medium  (Pb/Fe/Ni/Zn)  5  000 

Urge  (Pb/Fe/Ni/Zn)  25  000 


$5  922  774  $705  488  $1  333  771 

$16191302        $3  093  801  $4  811362 

$44  450  843      $14  564  963       $19  280  275 


Chemical  Reduction,  Sedimentation  with  Chemical  Addition,  Granular 
Media  Filtration,  Granular  Activated  Carbon  Addition  and  Ion  Exchange 


Small  (Pb/Fe/Ni/Zn)  1  000 

Medium  (Pb/Fe/Ni/Zn)  5  000 

Urge  (Pb/Fe/Ni/Zn)  25  000 


$6  722  774  $865  488  $1  578  635 

$1 8  659  437        $3  756  376         $5  735  755 
$52  065  459      $17  627  074        $23  1 50  1 39 


Table  6-6:  Treatment  Plan  Costs  by  Source  -  Total 

Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

TotaO 

Wastewater                                   Operating2  Annualized 

Row              Total  Capttall            Costs  Costs 

Saam                 (M3^AY)                 CoslS                per  Year  per  Year 

Granular  Media  Hltration,  Granular  Activated  Carbon  Adsorption 
and  Ion  Exchange 

Small  (Pb/Fe/Ni/Zn)                   1  000                  $6  036  026          $327  033  $967  330 

Medium  (Pb/Fe/Ni/Zn)               5  000                $17  046  338       $1222  570  $3  030  832 

Urge  (Pb/Fe/Ni/Zn)                25  000                $48  254  947       $5  282  869  $10  401718 


Note:    1 .  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Labour  +  Maintenance  +  Power  +  Chemicals  +  Waste 
Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a  discount 
rate  of  10%)  +Operating  Costs  per  Year. 


Table  6-7:  Treatment  Plan  Costs  by  Source  -  Total  Capital,  Operating 

and  Annualized  Costs 


1989  Dollars 

Wastewater 

Flow  Total  Capitall 

SsMsa.  (m/DAY)  Cûsîs 


Granular  Media  Filtration,  Granular  Activated  Carbon  Adsorption 
and  Ion  Exchange 

Small  (Gold) 
Medium  (Gold) 
Large  (Gold) 
Small  (Salt) 
Medium  (Salt) 
Large  (Salt) 
Small  (Uranium) 
Medium  (Uranium) 
Large  (Uranium) 
Small  (Iron) 
Medium  (Iron) 
Large  (Iron) 


Totals 

Operating2 

Annualized 

Costs 

Costs 

per  Year 

per  Year 

1000 

$6  036  026 

$327  033 

$967  330 

5  000 

$17  046  338 

$1222  570 

$3  030  832 

25  000 

$48  254  947 

$5  282  869 

$10  401718 

1000 

$6  036  026 

$327  033 

$967  330 

5  000 

$17  046  338 

$1222  570 

$3  030  832 

25  000 

$48  254  947 

$5  282  869 

$10  401718 

1000 

$6  036  026 

$327  033 

$967  330 

5  000 

$17  046  338 

$1222  570 

$3  030  832 

25  000 

$48  254  947 

$5  282  869 

$10  401  718 

1000 

$6  036  026 

$327  033 

$967  330 

5  000 

$17  046  338 

$1  ???  570 

$3  030  832 

25  000 

$48  254  947 

$5  282  869 

$10  401718 

Notes:  1.  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Labour  +  Maintenance  +  Power  +  Chemicals  +  Waste 
Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a  discount 
rate  of  10%)  +Operating  Costs  per  Year. 
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7.1      Description 

The  industrial  minerals  sector  in  Ontario  is  regulated  as  the  Mineral  Industry:   Group  "B", 
and  consists  of  more  than  130  plants  grouped  into  nine  categories: 

Cement;  six  plants 

Chemical  Lime;  six  plants 

Clay  and  Shale  (clay  brick);  five  plants 

Graphite;  two  plants 

Gypsum  (plaster  of  pans,  wallboard);  three  plants 

Magnesium;  one  plant 

Quarries;  1(X)  plants 

Sand  and  Gravel;  six  plants 

Talc;  two  plants 


Other  mineral  industries  exist  but  are  not  under  regulation  by  MISA  since  their  operations  are 
essentially  dry.   A  brief  discussion  of  mining  and  processing  operations  will  aid  in 
establishing  the  sources  and  quality  of  wastewater. 


Final  Report  --  Printed  25  March  1991  7-1 


Industrial  Minerals  and  Manufacturing 

As  in  the  metal  mining  and  refining  sector,  mining  is  performed  either  underground  or  in  an 
open  pit  with  the  latter  being  far  more  common  in  the  industrial  minerals  sector.    Explosives 
such  as  ammonium  nitrate  with  fuel  oil  and  gels  and  sluiries  containing  agents  such  as 
fumaric  acid,  ethylene  glycol  and  ammonium  sulphate  are  commonly  used.   Gypsum  and  talc 
are  mined  underground  by  conventional  methods.   Crushing,  grinding  and  classification 
operations  may  be  accompanied  by  extensive  dust  control  provisions. 

Most  production  operations,  including  those  for  cement,  lime,  clay  and  shale,  gypsum, 
magnesium  and  talc,  involve  some  firing  of  raw  materials  in  kilns.   In  many  cases,  this  results 
in  process  water  being  driven  off  as  vapour.   However,  dust  control  is  sometimes  achieved 
using  wet  scrubbers,  especially  in  the  lime  category,  and  in  this  way,  a  wastewater  stream  is 
produced.   The  quarries  and  sand  and  gravel  categories  are  relatively  straightforward  since  the 
only  production  operation  may  be  washing.   Graphite  production  involves  the  use  of  flotation 
to  separate  graphite  from  waste  rock.   Additives  such  as  kerosene  may  also  be  used. 

Unfonunately,  data  for  this  sector  are  unavailable  through  either  the  MOE's  IMIS  database  or 
the  U.S.  EPA  Treatability  Manual.   This  limits  the  discussion  to  information  contained  in  The 
Development  Document  for  the  Draft  Effluent  Monitoring  Regulation  for  the  Ontario  Mineral 
Industry:   Group  "B"  Industrial  Minerals  Sector,  which  presents  the  results  of  the  Ontario 
pre-monitoring  program  and  of  U.S.  EPA  experience  in  this  sector.   The  following  secdons 
summarize  available  informanon  on  wastewater  sources,  quality  and  pollution  abatement. 


7.2     Wastewater  Sources  and  Quality 

7.2.1    Sources 

The  following  description  is  summarised  from  the  Ontario  development  document:  MOE 
1989.   Industrial  mineral  plants  produce  wastewater  from  two  main  sources:   the  mine  and 
associated  facilities  and  manufacturing  facilities,  where  present.   The  effluent  monitoring 
regulation  defines  nine  types  of  effluent: 

1)  Cement  plant  effluent, 

2)  Lime  plant  effluent, 

3)  Graphite  plant  effluent, 

4)  Gypsum  plant  effluent, 

5)  Magnesium  plant  effluent, 

6)  Minewater  effluent, 

7)  Quarrywater  effluent, 

8)  Stormwater  effluent,  and, 

9)  Washwater  effluent. 
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Plant  effluents  (1)  through  (5)  include  plant  site  run-off  but  are  largely  the  result  of  the  use  of 
cooling  water  and  dust  control.   It  is  thus  anticipated  that  contamination  levels  will  be 
generally  low.   Minewater  effluent  pertains  to  the  Gypsum  and  Talc  categories  where 
underground  mining  is  used,  and  consists  of  the  natural  water  which  percolates  into  the  mine 
as  well  as  the  water  used  for  drilling,  dust  suppression,  pumping,  cooling  and  sanitation.   In 
surface  mining,  water  is  used  in  the  separation  of  materials,  settling  of  dust  and  cleaning  of 
the  final  product.   The  source  of  this  water  may  be  wells,  surface  run-off  or  other  sources. 
Wastewater  results  from  these  practices  as  well  as  from  dewatering  of  the  quarry  site. 
Stormwater  in  the  industrial  minerals  sector  is  rarely  collected  separately  from  other 
wastewater  and  is  thus  usually  included  under  one  of  the  other  effluent  types.   However, 
water  in  clay  and  shale  pits  derives  from  surface  run-off  but  is  not  in  direct  contact  with 
processing  operations  and  is  therefore  known  as  stormwater.  For  the  most  pan,  washing  of 
products  such  as  sand  and  gravel  involves  treatment  and  complete  recycle  of  the  water  used. 
Where  this  is  not  the  case,  discharge  of  washwater  occurs. 

No  data  are  available  on  wastewater  flowrates  from  the  industrial  minerals  sector,  neither 
through  the  development  document,  the  IMIS  database  nor  the  U.S.  EPA  Treatability  Manual 
(1980).   Two  industrial  mineral  companies  are  included  in  the  IMIS  database  in  the  report 
for  1988  (MOE,  1989)  but  these  data  are  for  the  quaUty  of  treated  domestic  sewage  at  these 
sites  and  not  for  industrial  wastewater  flow  rates  and  quahty. 


7.2.2     Quality 

The  effluent  monitoring  regulation  for  the  industrial  minerals  sector  used  results  from  the  pre- 
regulation  monitoring  program  to  determine  contaminants  of  concern  for  this  sector.   Also 
reviewed  in  the  development  document  were  the  results  of  the  American  development 
document  studies  for  the  setting  of  limitation  guidelines  and  standards  for  the  Mineral  Mining 
and  Cement  Manufacturing  sectors  in  the  U.S.   This  information  can  be  summarized  as 
follows. 

The  control  parameters  identified  in  the  Ontario  development  document  are  pH,  TSS  and  oil 
and  grease,  based  both  on  their  frequency  of  detection  and  the  levels  detected  during  pre- 
regulation  monitoring.   Other  parameters  assigned  to  frequent  monitoring  are  total  ammonia, 
total  nitrites  and  nitrates,  heavy  metals  and  arsenic,  and  phenolics.   A  summary  of  the 
available  pre-regulation  monitoring  results  for  some  of  these  parameters  are  shown  in 
Table  7-1.   Except  for  TSS,  the  values  reponed  are  the  maximum  detected  during  pre- 
regulation  monitoring.   Levels  of  TSS  are  generally  low.    Metals  were  also  generally  low  and 
below  Provincial  Water  Quality  Objectives  (PWQO).   Any  results  above  PWQO  were 
considered  to  be  the  result  of  suspended  solids  in  the  sample  which  would  be  amenable  to 
treatment  in  settling  ponds.    Nitrates  were  detected  at  levels  below  the  maximum  acceptable 
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Industrial  Minerals  and  Manufacturing 

concentration  (MAC)  and  are  not  expected  to  be  a  major  concern  in  this  sector.   Effluent 
from  talc  mines  may  also  contain  fibrous  chrysotile  but  successful  removal  is  achieved 
through  solids  settling. 

As  noted  previously,  the  US  sectors  which  correspond  to  the  industrial  minerals  sector  in 
Ontario  are  Minerals  Mining  and  Cement  Manufacturing.   As  a  result  of  monitoring 
programs,  effluent  limits  were  established  for  two  parameters  in  the  Minerals  Mining  sector 
(pH  and  TSS)  and  for  seven  parameters  in  the  Cement  Manufacturing  sector  (pH,  TDS,  TSS, 
alkalinity  and  acidity,  potassium,  sulphate,  and  temperature).   As  in  the  Ontario  sector,  metals 
were  present  at  low  or  below  detectable  levels  and  it  was  felt  they  would  be  adequately 
controlled  through  the  use  of  settling  ponds. 


7.3     Pollution  Abatement 


7.3.1     Existing  Treatment 

The  use  of  sedimentation  ponds  (also  known  as  settling  ponds  or  clarification)  for  the  control 
of  suspended  solids  is  already  standard  practice  in  the  industrial  minerals  sector.   In  general, 
effluents  are  alkaline  and  pH  control  is  achieved  through  the  addition  of  carbonic  or  sulphuric 
acid. 

A  number  of  treatments  are  specific  to  certain  categories.   For  example,  high  alkalinity 
wastewater  produced  in  the  lime  category  is  used  to  remove  dust  from  kiln  exhaust  gases  by 
scrubbing.   Carbon  dioxide  in  the  gas  is  also  absorbed  to  form  carbonic  acid  in  the 
wastewater  stream  which  serves  to  neutralize  the  high  alkalinity. 

The  one  plant  in  the  magnesium  category  practices  no  wastewater  treatment,  but  its  effluent  is 
primarily  non-contact  cooling  water. 


7.3.2    Waste  Reduction  and  Recycling 

Recycling  of  water  is  the  most  important  means  of  waste  reduction  in  the  industrial  minerals 
sector  and  is  already  widely  practised  especially  in  aggregate  producing  plants  (eg,  sand  and 
gravel,  etc.).   Wash  water  may  be  treated  using  setding  ponds  and  entirely  recycled  without 
further  treatment.   Minewater  from  gypsum  mines  may  be  used  directly  as  intake  to  the  plant, 
where  it  is  lost  to  evaporation. 

The  opportunity  exists  for  manufacturing  plants  to  recycle  cooling  water.  One  hundred  percent 
recycle  has  been  implemented  at  one  cement  plant.   Depending  on  process  considerations,  the 

Final  Report  --  Primed  25  March  1991  7-5 


Industrial  Minerals  and  Manufacturing 

use  of  ponds  or  towers  may  be  required  to  provide  sufficient  cooling.  In  the  case  of  cooling 
towers,  control  of  scale  and  corrosion  may  be  required  and  should  be  adequately  controlled 
through  the  use  of  lime  softening.   Other  additives  such  as  other  softening  agents  or  algicides 
may  also  be  required. 

The  amount  of  minewater  effluent  can  be  minimized  through  the  use  of  periphery  wells. 
Water  pumped  from  these  wells,  which  are  situated  at  the  mine's  periphery,  does  not  reach 
the  mine  and  contamination  is  avoided. 

Appropriate  dust  control  measures  and  materials  storage  on  the  plant  site  minimize  storm 
water  contamination.   Such  operational  modifications  to  reduce  loadings  are  generally  known 
as  "good  housekeeping  practices"  and  are  considered  low-cost  alternatives  to  treatment. 

Product  substitution  will  not  be  important  as  a  waste  reduction  method  in  the  industrial 
minerals  sector  since  very  few  process  materials  or  additives  contain  toxic  contaminants. 
Among  these  few  are  agents  such  as  fumaric  acid,  ethylene  glycol  and  ammonium  sulphate 
used  in  explosives,  reagents  such  as  kerosene  used  in  the  flotation  of  graphite  and  algicides 
used  in  the  recycle  of  cooling  water.  The  most  significant  of  these  are  explosives,  for  which 
suitable  substitutes  are  not  available. 

7.33    End-of-Pipe  Abatement  Technologies 

It  appears  that  wastewater  treatment  in  the  industrial  minerals  sector  should  be  relatively 
straightforward  in  light  of  the  small  list  of  contaminants  of  concern  and  the  existing  treatment 
in  the  sector.   In  the  U.S.,  BATEA  for  the  corresponding  sectors  consists  of  the  use  of 
setding  ponds  for  control  of  TSS  and  metals,  and,  in  some  cases  (some  cement  and  chemical 
lime  plants),  neutralization  by  acid  addition.   No  Anierican  plants  were  forced  to  discontinue 
production  due  to  the  increased  costs  associated  with  compliance  with  the  BATEA 
regulations. 

The  treatments  which  may  be  considered  in  the  Ontario  Industrial  Minerals  sector  are 
presented  in  Table  7-2.   These  can  be  considered  as  combinations  of  technologies  and  thus 
none  of  the  technologies  are  redundant  or  uncomplimentary.   Treatment  Plan  7-1  represents 
U.S.  BATEA,  to  which  most  Ontario  plants  already  conform  (MOE  1989).   As  noted  in 
Section  7.3.2,  recycling  is  and  will  continue  to  be  an  important  pollution  abatement 
alternative.   In  the  case  of  washwater  from  sand  and  gravel  and  quarry  operations,  recycling 
will  be  possible  with  minimal  treatment  such  as  that  required  for  U.S.  BATEA.   However,  the 
recycle  of  cooling  water  in  manufacturing  plants  in  the  cement,  chemical  lime,  graphite, 
gypsum  and  magnesium  categories  may  require  the  use  of  a  cooling  tower  and  lime  softening 
(Treatment  Plan  7-2). 
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Table  7-2  Alternative  Treatment  Plans  for  the  Industrial  Minerals  Sector 


Treatment  Plan 

Technologies 

Target 
Contaminants 

7-1 

7-2                      7-3 

Cooling  Tower 

• 

Sedimentation 
(Clarification) 

TSS,  Metals 

• 

Sedimentation  witii 
Lime  Addition 

TSS.  Metals 

•                                                      • 

Neutralization 

pH 

• 

• 

Granular  Media  Filtration  TSS  and  adsorbed 
contaminants 

• 

Granular  Activated 
Carbon  Adsorption 

Phenolics  and 
trace  organics 

• 

Ion  Exchange 

Dissolved  solids 

and  minerals, 

ammonia,  nitrates 

• 

Any  water  which  cannot  be  recycled  due  to  the  extent  of  its  contamination,  including  cooling 
tower  blowdown  and  manufacturing  plant  process  water,  may  require  further  treatment.   Some 
of  the  potential  tertiary  level  treatments  are  outlined  in  Treatment  Plan  7-3.   It  is  important  to 
recognize  that  this  treatment  scenario  is  considered  highly  unlikely  by  MISA  representatives 
in  this  sector  since  contaminant  levels  were  already  low  in  pre-rcgulaoon  monitoring 
(Donyina  1989).   However,  in  the  event  that  MISA  monitoring  reveals  substantially  higher 
levels  at  some  plants  and,  for  the  sake  of  completeness  of  the  economic  analysis,  Treatment 
Plan  7-3  has  been  devised  based  on  its  technical  feasibility  in  removing  contaminants  in  this 
sector.   Removal  efficiencies  for  the  technologies  and  the  contaminants  of  concern  appear  in 
Table  7-3.   Removal  efficiencies  for  each  treatment  plan  are  presented  in  Table  7-4. 

Since  contaminant  levels  may  already  be  below  treatable  levels.  Table  7-5  presents  the 
effluent  concentrations  achievable  by  each  of  the  proposed  technologies  in  a  variety  of 
situations.    Both  median  values  and  ranges  are  presented  where  available. 
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Table  7-3  Removal  EfTiciencies  of  Technologies  for  the  Industrial  Minerals  Sector 


Contaminant  Removal  Efficiencies  (%) 


Oil& 

Total 

Total 

Technologies 

TSS 

Grease 

Phenol 

Ammonia 

Sedimentation 

91 

76 

50 

39 

(Clarificatbn) 

Sedimentation  with 

90 

94 

. 

. 

Lime  Addition 

Neutralization 

- 

67 

- 

■ 

Granular  Media 

76 

39 

23 

21 

Filtration 

Granular  Activated 

59 

26 

86 

10 

Carbon  Adsorption 

Ion  Exchange 


90-97 


Nitrate 


10 


75-95 


Notes:    Values  reported  are  medians  of  data  sets;  '•'  indicates  no  data  are  available.  Where  the 
median  value  is  unavailable,  ranges  are  provided. 

Sources:    U.S.  EPA  1982.   Patterson  1985. 
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Table  7-5        Reported  Effluent  Concentrations  Achievable 


Technology 

Reference 

Total 

Suspended 

Solids 

(mg/L) 

OII& 
Grease 
(mg/L) 

Total 
Phenols 
(mg/L) 

Ammonia 

(mg/L  as 

N) 

Nitrate 
(mg/L 
88  N) 

Sedimentation 

U.S.  EPA,  1982,  range 
U.S.  EPA,  1982.  median 
Patterson,  1635 

<  1-2300 
20 

0.2-520 
9 

0.005-84 
0.02 

0.57-200 
3 

7.1 

Sedimentation 
with  Ume 
AddlUon 

U.S.  EPA,  1982,  range 
U.S.  EPA,  1982,  median 
Patterson,  1985 

nd-150 
17 

- 

nd-60 
6.2 

nd-0.01 
0.01 

- 

- 

Neutralization 

U.S.  EPA,  1982,  range 
U.S.  EPA,  1982,  median 
Patterson,  1985 

■ 
12 

1 

- 

Granular 

Media 
FlltraUon 

U.S.  EPA,  1982,  range 
U.S.  EPA,  1982,  median 
Patterson,  1985 

<1-7300 
17 

<5-9900 
12 

0.001-64 
0.02 

0.58 

0.25 

Granular 

Activated 

Carbon 

U.S.  EPA,  1982,  range 
U.S.  EPA,  1982,  median 
Panerson,  1985 

<1. 3-2600 
13 

2.2-62 
8.4 
<8 

<.005-4.3 
0.02 
0.01 

0.21 
1.25 

- 

ion 
Exchange 

U.S.  EPA,  1982,  range 
U.S.  EPA,  1982,  median 
Patterson,  1985 

- 

- 

- 

<10 

Note:  'nd'  Indicates  not  detected;  •  Indicates  no  data  available. 
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lA     Treatment  Plan  Costs 

It  has  only  been  possible  to  develop  cost  estimates  for  representative  flowrates  since  no  actual 
data  on  flow  rates  are  presently  available.   Three  sizes  were  selected:  100  mVday  for  small 
dischargers,  1,000  mVday  for  medium  sized  dischargers,  and  10,000  mVday  for  large 
dischargers.   Estimated  costs  for  the  different  treatment  plans  outlined  above  are  presented  in 
Table  7-6.   Application  of  treatments  to  specific  streams  will  generally  lower  costs  and 
increase  the  cost-effectiveness  of  controls.   When  data  on  flowrates  for  the  different  process 
streams  become  available,  it  will  be  possible  to  develop  estimates  of  control  costs  based  on 
accurate  flowrate  data.   These  cost  estimates  account  only  for  economy  of  scale  factors. 
Other  cost  factors  are  of  importance  but  could  not  be  considered  in  this  study. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980)  and  from  in-house  information  on  construction  costs  from  recent  CH2M  Hill  projects. 
Total  capital  costs  include  equipment  and  installation,  and  engineering  and  design  costs  Land 
costs,  which  are  highly  variable,  are  not  included.   Total  operating  costs  include  all  labour, 
maintenance  and  power  costs,  as  well  as,  any  additional  waste  disposal  and  chemical 
purchases  that  are  required  on  an  annual  basis.   No  accommodation  was  made  for  costs 
savings  that  might  accrue  from  installing  more  than  one  technology  component  at  the  same 
time.    Costs  were  indexed  to  May  1989  values  using  the  Engineering  News  Record 
construction  index.   Greater  reliability  is  expected  for  more  widely  used  technologies  where 
more  cost  data  arc  available. 

More  detail  on  the  cost  estimates  is  provided  in  Treatment  Technology  Costs  Appendix 
(Appendix  B). 
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Table  7-6: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


Source 


1989  Dollars 

TotaO 

Wastewater 

Operating2 

Annualized 

Flow 

Total  Capitah 

Costs 

Costs 

fM3/PAY) 

Qssi& 

per  Year 

per  Year 

Primary  Clarification 


CEMENT 

1  000 

$359  803 

$42  024 

$80192 

CLAY  AND  SHALE 

1000 

$359  803 

$42  024 

$80192 

CRUSHED  STONE  (QUARRY) 

100 

$113  780 

$7  695 

$19  764 

CRUSHED  STONE  (QUARRY) 

1000 

$359  803 

$42  024 

$80192 

CRUSHED  STONE  (QUARRY) 

10  000 

$1  137  798 

$290  309 

$411006 

GYPSUM 

1000 

$359  803 

$42  024 

$80192 

UME 

1000 

$359  803 

$42  024 

$80192 

MAGNESIUM 

1000 

$359  803 

$42  024 

$80  192 

SAND  AND  GRAVEL 

1000 

$359  803 

$42  024 

$80192 

TALC 

1000 

$359  803 

$42  024 

$80192 

Primary  Clarification  and  Neutralization 


CEMENT  1000  $814  518  $1169  389  $1255  792 

CLAY  AND  SHALE  1000  $814  518  $1169  389  $1255  792 

CRUSHED  STONE  (QUARRY)  100  $227  999  $126  531  $150  717 

CRUSHED  STONE  (QUARRY)  1000  $814  518  $1169  389  $1255  792 

CRUSHED  STONE  (QUARRY)  10  000  $2  948  051  $11  397  516  $11  710  243 

GYPSUM  1000  $814518  $1169  389  $1255  792 

LIME  1000  $814518  $1169389  $1255  792 

MAGNESIUM  1000  $814  518  $1169  389  $1255  792 

SAND  AND  GRAVEL  1000  $814  518  $1169  389  $1255  792 

TALC  1000  $814  518  $1169  389  $1255  792 


Table  7-6: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 


Totals 

Wastewater 

Operating^ 

Annualized 

Row 

Total  Capltall 

Costs 

Costs 

Source 

(M3^AY) 

Costs 

per  Year 

oerYear 

Cooling  Tower 

CEMENT 

1000 

$51833 

$148  095 

$153  593 

CLAY  AND  SHALE 

1000 

$51833 

$148  095 

$153  593 

CRUSHED  STONE  (QUARRY) 

100 

$13  020 

$37  200 

$38  581 

CRUSHED  STONE  (QUARRY) 

1000 

$51833 

$148  095 

$153  593 

CRUSHED  STONE  (QUARRY) 

10  000 

$206  352 

$589  576 

$611465 

GYPSUM 

1000 

$51833 

$148  095 

$153  593 

LIME 

1000 

$51833 

$148  095 

$153  593 

MAGNESIUM 

1000 

$51833 

$148  095 

$153  593 

SAND  AND  GRAVEL 

1000 

$51833 

$148  095 

$153  593 

TALC 

1000 

$51833 

$148  095 

$153  593 

Cooling  Tower  and  Sedimentation  with  lime  Addition 

CEMENT 

1000 

$540138 

$421  601 

$478  898 

CLAY  AND  SHALE 

1000 

$540138 

$421  601 

$478  898 

CRUSHED  STONE  (QUARRY) 

100 

$167  435 

$69  ??? 

$86984 

CRUSHED  STONE  (QUARRY) 

1000 

$540138 

$421  601 

$478  898 

CRUSHED  STONE  (QUARRY) 

10  000 

$1  750  506 

$3  156  847 

$3  342  540 

GYPSUM 

1000 

$540138 

$421  601 

$478  898 

LIME 

1000 

$540138 

$421  601 

$478  898 

MAGNESIUM 

1000 

$540138 

$421  601 

$478  898 

SAND  AND  GRAVEL 

1000 

$540138 

$421  601 

$478  898 

TALC 

1000 

$540138 

$421  601 

$478  898 

Table  7-6: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

Total3 
Wastewater  Operating2     Anrwalized 

Row  Total  Capitall        Costs  Costs 


Source 

(m/DAY) 

Ççsts 

per  Year 

oerYear 

Sedimentation  widi  Lime  Addition 

- 

CEMENT 

1  000 

$488  304 

$273  506 

$325  305 

CLAY  AND  SHALE 

1000 

$488  304 

$273  506 

$325  305 

CRUSHED  STONE  (QUARRY) 

100 

$154415 

$32  022 

$48  403 

CRUSHED  STONE  (QUARRY) 

1000 

$488  304 

$273  506 

$325  305 

CRUSHED  STONE  (QUARRY) 

10  000 

$1  544  154 

$2  567  272 

$2  731  074 

GYPSUM 

1000 

$488  304 

$273  506 

$325  305 

LIME 

1000 

$488  304 

$273  506 

$325  305 

MAGNESIUM 

1000 

$488  304 

$273  506 

$325  305 

SAND  AND  GRAVEL 

1000 

$488  304 

$273  506 

$325  305 

TALC 

1  000 

$486  304 

$273  506 

$325  305 

Sedimentation  with  Lime  Addition  and  Neutralization 

CEMENT 

1000 

$943  019 

$1  400  870 

$1  500  905 

CLAY  AND  SHALE 

1000 

$943  019 

$1  400  870 

$1  500  905 

CRUSHED  STONE  (QUARRY) 

100 

$268  635 

$150  859 

$179  356 

CRUSHED  STONE  (QUARRY) 

1000 

$943  019 

$1  400  870 

$1  500  905 

CRUSHED  STONE  (QUARRY) 

10  000 

$3  354  407 

$13  674  479 

$14  030  312 

GYPSUM 

1000 

$943  019 

$1  400  870 

$1  500  905 

LIME 

1000 

$943  019 

$1  400  870 

$1  500  905 

MAGNESIUM 

1000 

$943  019 

$1  400  870 

$1  500  905 

SAND  AND  GRAVEL 

1000 

$943  019 

$1  400  870 

$1  500  905 

TALC 

1  000 

$943  019 

$1  400  870 

$1  500  905 

Table  7-6: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

TotaO 
Wastewater  Operaling2     Annualized 

Row  Total  Capital  1        Costs  Costs 

Source  (M3/DAY)  ÇçstS  P^rYggr         per  Year 

Sedimentation  with  Lime  Addition,  Neutralization  and  Granular  Media  Filtration 


CEMENT 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

CLAY  AND  SHALE 

1000 

$4  694  223 

$1  497  705 

$1995  665 

CRUSHED  STONE  (QUARRY) 

100 

$1  108  425 

$181  172 

$298  752 

CRUSHED  STONE  (QUARRY) 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

CRUSHED  STONE  (QUARRY) 

10  000 

$20110  419 

$14144  901 

$16  278199 

GYPSUM 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

LIME 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

MAGNESIUM 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

SAND  AND  GRAVEL 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

TALC 

1000 

$4  694  223 

$1  497  705 

$1  995  665 

Sedimentation  with  lime  Addition,  Neutralizatiaa,  Granular  Media 
nitration  and  Granular  Activated  Carbon 


CEMENT  1000  $6179  045  $1567  903  $2  223  371 

CLAY  AND  SHALE  1000  $6  179  045  $1567  903  $2  223  371 

CRUSHED  STONE  (QUARRY)  100  $1481395  $192  613  $349  758 

CRUSHED  STONE  (QUARRY)  1000  $6179  045  $1567  903  $2  223  371 

CRUSHED  STONE  (QUARRY)  10  000  $26  021  602  $14  670  844  $17  431  196 

GYPSUM  1  000  $6 179  045  $1  567  903  $2  223  371 

LIME  1000  $6179  045  $1567  903  $2  223  371 

MAGNESIUM  1000  $6179  045  $1567  903  $2  223  371 

SAND  AND  GRAVEL  1000  $6179  045  $1567  903  $2  223  371 

TALC  1000  $6179  045  $1567  903  $2  223  371 


Table  7-6: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

TotaO 

Wastewater 

Operating2 

Annualized 

Row 

Total  Capitah 

Costs 

Costs 

(M3/DAY1 

Ççsts 

per  Year 

DerYear 

SSMQS. 


Sedimentation  with  T  Âme.  Addition,  Neutralization,  Granular  Media 
Filtration,  Granular  Activated  Carbon  and  Ion  Exchange 

CEMENT                                             1000            $6  979  045  $1727  903  $2  468  235 

CUW  AND  SHALE                             1  000            $6  979  045  $1  727  903  $2  468  235 

CRUSHED  STONE  (QUARRY)             100            $1641016        $223  650  $397  728 

CRUSHED  STONE  (QUARRY)          1  000            $6  979  045  $1  727  903  $2  468  235 

CRUSHED  STONE  (QUARRY)        10  000          $30  031100  $15  940  797  $19126  474 

GYPSUM                                            1  000            $6  979  045  $1  727  903  $2  468  235 

LIME                                                      1000             $6  979  045  $1727  903  $2  468  235 

MAGNESIUM                                        1  000             $6  979  045  $1  727  903  $2  468  235 

SAND  AND  GRAVEL                           1  000             $6  979  045  $1  727  903  $2  468  235 

TALC                                                     1  000             $6  979  045  $1  727  903  $2  468  235 


Notes:  1.  Total  Capital  Costs  ■=  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Latwur  +  Maintenance  +  Power  +  Chemicals  +  Waste 
Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a  discount 
rate  of  1 0%)  +Operating  Costs  per  Year. 
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7.5     Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

The  results  for  the  Minimum  Technically  Achievable  Loading  strategy  for  total  suspended 
solids  removal  in  the  industrial  minerals  sector  are  presented  in  Table  7-7. 

The  cost  estimates  are  for  five  representative  or  generic  plants  due  to  a  lack  of  plant-specific 
data.  The  variation  in  cost  per  kilogram  of  TSS  removed  ranges  from  a  low  of  $0.03  for 
cement  plants  to  $0.66  for  magnesium  refining.   It  is  estimated  that  about  99  per  cent  of 
present  TSS  loadings  would  be  removed  from  the  wastewater  stream  of  the  industrial  minerals 
sector  in  the  Province. 

The  Minimum  Technically  Achievable  Loading  strategy  presented  in  Table  7-7  is 
representative  of  the  modelling  conducted.  The  Least  Cost,  Maximum  Allowable  Loading  and 
Maximum  Allowable  Loading  per  Unit  of  Production  strategies  can  also  be  estimated  by  the 
model.   Estimates  of  removal  efficiencies  and  wastewater  pollutant  concentrations  and 
loadings  can  be  revised  in  the  database  as  new  MISA  monitoring  data  become  available. 
Different  combinations  of  technologies  can  also  be  developed  from  the  database  and  included 
in  the  strategy  modelling  as  new  information  and  data  become  available.   A  description  of  the 
modelling  methodology  is  provided  in  Appendix  C. 
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Electric  Power  Generation 


8        Electric  Power  Generation 


8.1     Industry  Description 

Eighty-six  generating  stations  and  associated  facUities  comprise  the  electric  power  generation 
sector  m  Ontano,  classified  under  SIC  4911,  4999  and  4116  (MOE  1989b).   Twenw-seven  of 
these  stations  and  facilities  are  subject  to  MISA  monitoring  regulations  and  are  listed  in 
lable  0-1. 

l^ZI^^'^^  °^  '^"''^"'^  generation  are  used  in  this  sector:  hydrauUc  generation,  fossil- 
tuelled  thermal  generation  and  nuclear  powered  thennal  generation. 

Thermal  generating  stations  (TGS)  produce  high  pressure  steam,  using  high  purity 
demineralized  water,  that  is  used  to  rotate  turbines  and  drive  the  generators  which  generate 
elecmcity    Once  the  high-pressure  steam  has  passed  through  die  primary  turbines,  the  steam 
is  reheated  and  fed  to  a  second  turbine  stage  at  lower  pressure  to  make  more  efficient  use  of 
It.  Large  heat  exchangers  using  lake  or  river  water  are  used  to  assist  in  cooling  and 
condensing  the  steam  back  to  liquid  water  (condensate)  for  efficient  boiler  operation    TTiis 
water  IS  recycled  back  to  the  boiler  where  it  again  continues  through  the  closed  steam  cycle 
bdt  bbwdotr^  demineralized  water  is  added  continuously  to  compensate  for  leaks  and' 

Fossil-fuelled  tiiermal  generating  stations  involve  the  combustion  of  fossil  fuels  (e  g  coal  oil 
or  natural  gas)  to  create  thermal  energy.  There  are  8  fossil-fuelled  stations  in  Ont^io  six  of 
which  are  currentiy  operating.  These  6  stations  generated  19  percent  Ontario's  electricity  in 
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Electric  Power  Generation 

Nuclear  thermal  generating  stations  use  the  energy  released  by  the  fission  (splitting)  of 
uranium-235  atoms  to  heat  heavy  water,  which  in  turn  is  used  to  boil  high-purity 
demineralized  water.    There  are  three  operating  nuclear  generating  stations  in  the  province  at 
two  nuclear  power  complexes.   Another  station  is  currently  under  construction  is  expected  to 
have  one  of  its  units  operational  by  1990.   In  addition,  two  other  stations  have  been  shut 
down.   Nuclear-powered  stations  accounted  for  48  percent  of  the  electricity  generated  in 
Ontario  in  1988  (MOE  1989a). 

Also  included  in  this  sector  are  facilities  associated  with  nuclear  power  generation.   These 
include  a  heavy  water  plant,  a  site  services  facility  and  a  nuclear  laboratory  facility. 

Hydraulic  generation  of  electricity  harnesses  energy  produced  by  falling  water  to  rotate 
turbines,  which  in  turn  drive  electric  generators.   Once  the  energy  produced  by  falling  water 
has  passed  through  the  turbines,  the  water  is  returned  to  the  river  downstream.  There  are  a 
total  of  68  hydraulic  generating  stations  (operated  by  Ontario  Hydro)  in  Ontario,  which 
generated  29  percent  of  the  electricity  for  Ontario  in  1988. 

Only  6  hydro  electric  plants  were  selected  by  the  Ministry  of  the  Environment  for  the 
development  of  the  MISA  monitoring  regulation  as  representative  of  the  68  facilities  (MOE 
1989a).  This  was  done  because  hydraulic  stations  arc  not  expected  to  be  a  major  source  of 
toxic  contaminants  released  to  waterways. 

8.2     Wastewater  Characterization 

The  electric  power  generating  sector  is  the  largest  water  user  in  Ontario.   However,  90-95 
percent  of  water  uptake  is  used  as  once-through  cooling  water  (OTCW)  and  discharged 
directly  back  to  receiving  water.   At  most  facilities,  all  other  effluent  streams  are  mixed  with 
the  OTCW  stream  so  that  a  very  dilute  effluent  is  discharged.   Thermal  pollution  is  of 
concern  in  this  sector  and  temperature  rise  and  discharge  temperature  guidelines  are  currently 
in  place. 


8.2.1     Fossil-Fuelled  TGS 

A  number  of  different  operations  by  fossil-fuelled  electric  power  plants  result  in  discharge 
wastewater.   Effluents  that  are  discharged  continuously  during  plant  operation  include  cooling 
water,  ash  handling  systems,  and  boiler  blowdown.   Water  treatment  plant  wastes  are 
produced  at  regular  intervals.   Equipment  cleaning  wastes  are  generally  associated  with 
shutdown  or  start-up  of  a  boiler  or  generating  unit.   Other  wastes  not  related  to  production 
include  coal  pile  drainage,  stormwater  run-off,  and  floor  drains  (building  effluent).   Table  8-2 
presents  estimates  of  wastewater  volumes  for  thermal  and  nuclear  steam  electric  generating 
stations. 
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Table  8-2:    Estimated  Annual  Wastewater  Volumes  For  1000  MW  Steam  Electric  Stations 


WASTEWATER  VOLUMES 


STATION  TYPE 


yery  High  Volumes  (<300  000  000m3/annum) 
Auxiliary  cooling  water 


Nuclear 


High  Volumes  (<60  000  000m3/annum) 

Auxiliary  cooling  water 
Auxiliary  cooling  water 

Evaporative  recirculating  cooling  blowdown 
Once-through  ash  lagoon  water  discharge 
Recirculating  ash  system  blowdown 
Seepage  from  ash  lagoons 

Intermediate  Volumes  {<800  000m3/annum) 

Water  treatment  plant  wastes 

Boiler/Steam  generator  blowdown 

Air  preheater  washwaters 

Sanitary  wastewaters 

Oil  tank  farm  runoff 

Roof  and  yard  drains 

Dry  ash  disposal  site  runoff  and  seepage 

Flue  gas  desulphurization  waste  disposal  site 

njnoff  and  seepage 

Low  Volume  (<100  OOOmS/annum) 

Boiler  water-side  cleaning  wastes 

Steam  generator  cleaning  wastes 

Boiler  fireside  cleaning  wastes 

Coal  pile  runoff  and  seepage 

Switchyard  mnotf  and  seepage 

Flue  gas  desulphurization  process  wastewaters 

Laboratory  drains 

Combined  in  plant  wastewaters  -  non  radioactive 

Combined  in  plant  wastewaters  -  radioactive 


Fossil 

Nuclear-non  reactor 

services 

Fossil  and  Nuclear 

Coal 

Coal 

Coal 


Fossil  and  Nuclear 

Fossil  and  Nuclear 

Coal,  Oil 

Fossil  and  Nuclear 

Oil 

Fossil  and  Nuclear 

Coal 

Coal,  oil 


Fossil 

Nuclear 

Fossil 

Coal 

Fossil  and  Nuclear 

Coal,  Oil 

Fossil  and  Nuclear 

Fossil  and  Nuclear 

Nuclear 


Source:  Environment  Canada,  1985. 
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Table  8-3  lists,  for  each  waste  stream,  the  contaminants  of  concern,  the  general  method  of 
treatment  presently  used  and  the  potential  additional   treatment  that  could  reduce  contaminant 
concentrations  further.   The  data  in  Table  8-3  are  generalized  for  the  group  of  fossil-fuelled 
TGSs  and  may  not  be  specifically  applicable  to  each  plant.   Major  exceptions  are  discussed 
below: 

•  Nanticoke  TGS  does  not  fall  into  this  general  description,  since  all  of  the  waste 
streams  flow  into  one  settling  lagoon,  and  the  supernatant  is  discharged  with  the 
cooling  water. 

•  The  mothballed  J.K.  Keith  station  produces  only  stormwater  effluent  streams.  The 
particularly  mothballed  R.  L.  Heam  produces  only  stormwater,  cooling  water  and 
potentially  contaminated  building  effluent 

•  The  Lennox  TGS  does  not  produce  coal  pile  effluent  or  stormwater  runoff  from  the 
ash  storage  area,  since  this  station  does  not  bum  coal. 

The  major  contaminants  of  concern  in  fossil-fuelled  thermal  generating  station  effluents  arc 
pH,  total  dissolved  solids  (TDS),  total  suspended  solids  (TSS)  and  trace  metals.   While  future 
treatment  may  be  required  for  TDS  at  some  site  (Environment  Canada  1986),  this  parameter 
is  not  presentiy  included  in  the  MISA  effluent  monitoring  regulation  and  therefore,  excluded 
from  further  discussion. 

Potential  additional  treatments  which  could  be  added  include  ammonia  removal,  neutralization 
and  granular  media  filtration  for  water  treatment  neutralization  sump  effluent,  and  lime 
sedimentation  and  filtration  for  certain  other  streams.  These  are  indicated  in  the  following 
table.   Air  stripping  was  used  for  ammonia  removal  for  the  purposes  of  presentation  and 
costing.   Other  technologies  available  for  ammonia  removal  include  steam  stripping, 
breakpoint  chlorination,  ion  exchange  etc.   The  application  of  any  particular  technology  is 
highly  dependent  on  the  waste  stream  characteristics,  and  therefore,  appropriate  technologies 
for  each  site  could  not  be  selected  until  detailed  data  on  effluent  concentrations  are  available. 
The  technology  appendix  provides  a  table  listing  appropriate  removal  technologies  for 
different  concentration  ranges.  These  technologies  can  be  chosen  when  the  results  of  the 
monitoring  regulation  arc  available.  Typical  costs  for  these  treatments  are  presented  in  the 
tables  at  the  end  of  this  chapter. 
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For  Nanticoke  TGS,  the  expected  contaminants  in  the  treatment  lagoon  effluent  include  TSS, 
metals,  and  pH.  The  potential  treatment  for  this  stream  is: 

•  Chemical  addition  (lime  or  hydroxide),  to  lagoon  influents  for  pH  control  and 
metal  removal. 

•  Settling  lagoon  (existing). 

•  Granular  media  filtration. 


S.22  Process  Change  and  Product  Substitution  at  Fossil  Fuelled  TGS 

In  general,  for  the  fossil-fuelled  TGS  sector,  further  improvement  to  the  effluent  quality 
would  require  in-plant  changes.  These  changes  are  very  site  specific  and  therefore  cost 
estimates  require  a  lot  of  site  specific  data.  The  potential  in-plant  changes  include: 

•  Once-through  cooling  water:   Where  chlorine  is  presently  used  as  a  biocide  to  avoid 
cooling  system  fouling,  alternative  biocides  or  mechanical  anti-fouling  devices  could 
be  used.   Alternatively,  careful  monitoring  and  control  would  assure  the  most  efficient 
use  of  chlorine  could  be  practised  to  avoid  excess  residual  chlorine  discharges  into  the 
receiving  water. 

•  Bonom  ash  transport  water  system  effluent:  Many  plants  in  the  U.S  recirculate  their 
bottom  ash  transpon  scream  with  a  "clean"  boiler  blowdown  stream  addition  to  avoid 
the  build-up  of  solids.   A  partial  recirculating  system  can  be  operated  with  12  to  25 
times  recycle.   Complete  recycle  is  only  possible  in  arid  areas  using  evaporation  ponds 
to  eliminate  final  discharge  (U.S.  EPA  1983).   A  1983  Environment  Canada  rcpon 
concluded  that  with  careful  management  and  balancing  of  water  inputs  and  losses  to 
the  bottom  ash  transport  system,  zero  discharge  can  be  achieved. 

•  At  two  plants,  Larabton  and  Nanticoke,  drainage  from  potentially  oily  areas  does  not 
flow  into  specific  oily  water  drains.   This  results  in  oil  contamination  of  the  building 
effluents.   At  these  two  plants,  a  separated  oily  water  drainage  system  could  be  put  in 
place.   The  effluent  from  tiiese  drains  would  thus  undergo  oil  removal,  as  at  the  other 
TGSs,  prior  to  mixing  with  the  uncontaminated  building  effluent. 

•  In  order  to  avoid  contamination  of  any  building  effluent  and  stormwater  runoff  streams 
(excluding  coal  pile  and  ash  runofO,  best  management  practices  (BMP's)  for 
potentially  contaminated  areas  (eg.  transformer  switchyards),  which  involve  overall 
good  housekeeping  activities,  staff  training,  spill  control,  etc.  should  be  required  under 
the  MISA  compliance  regulation. 
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8.23    Nuclear-Powered  TGS 

At  nuclear- powdered  TGS,  some  waste  streams  are  similar  to  those  from  fossil-fuelled  TGS 
with  the  exception  that  there  are  no  coal  drainage  or  ash  handling  wastes  produced.   As  with 
fossil-fuelled  TGS,  all  of  the  wastes  are  discharged  with  the  cooling  water  stream  to  provide  a 
very  dilute  effluent.   Refer  to  Table  8-2  for  volume  estimates  for  the  various  effluent  streams. 

Table  8.3  lists  the  streams,  potential  contaminants  of  concern  and  the  existing  and  potential 
treatment  technologies  for  nuclear  thermal  generating  stations  in  Ontario. 

For  water  treatment  neutralization  sumps,  potential  additional  treatments  include 
neutralization,  granular  media  filtration,  air  stripping  steam  stripping,  breakpoint  chlorination, 
ion  exchange  or  other  ammonia  removal  processes.   Typical  costs  and  removal  efficiencies 
for  these  technologies  are  presented  in  the  tables  at  the  end  of  this  chapter. 

One  stream  at  nuclear  TGS  not  present  at  fossil-fuelled  TGS  is  the  radioactive  liquid  waste 
management  tank  effluent.  These  tanks  collect  water  from  active  floor  drain  systems, 
cleaning  water  from  contaminated  equipment  and  laundry  effluents.   High  activity  wastes 
from  these  areas  are  filtered  and  held  in  water  until  the  activity  level  is  low  enough  to 
discharge  to  the  tanks.   As  radio-active  contaminants  are  outside  the  scope  of  the  MISA 
regulation,  they  are  not  considered  further  in  the  present  study. 

The  general  comments  for  in-plant  process  changes  and  product  substitution  for  the  fossil- 
fuelled  plants  also  apply  to  the  nuclear  powered  plants. 


8.2.4    Facilities  Associated  With  Nuclear  Power  Generation 

There  are  a  number  of  Ontario  Hydro  facihties  associated  with  nuclear  power  generation. 
The  waste  streams,  existing  treatments  and  potential  treatment  methods  are  summarized  in 
Tables  8-4,  8-5,  and  8-6.   Potential  additional  treatments  for  effluent  strcains  from  Bruce 
Heavy  Water  Plants,  Bruce  Nuclear  Development  Services,  and  Darlington  Construction 
activities  arc  listed  in  the  following  tables.   Costs  and  removal  efficiencies  for  some  of  these 
technologies  are  presented  in  tables  at  the  end  of  this  chapter. 

In  addition,  there  arc  3  facilities  operated  by  Atomic  Energy  of  Canada.   Although  the 
streams  from  these  plants  include  streams  similar  to  the  other  nuclear  associated  facilities,  no 
characterization  or  treatment  data  were  available.   The  effluent  streams  for  each  of  these 
facilities  are  listed  in  Table  8-7. 
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Table  8-7 


Effluent  Streams  at  Atomic  Energy  Nuclear  Associated  Facilities 


Facility 

Effluent  Stream 

Chalk  River  Nuclear 
Laboratories 

Powertiouse  drain 
Waste  treatment  centre  effluent 
Once-through  cooling  water 
Waste  disposal  site  effluent 
Stormwater  effluent 
Emergency  overflow 

Douglas  Point  Waste 
Management  Facility 

Potentially  contaminated  building  effluent  - 

turbine  hall  sump 

Stormwater  effluent 

Radioactive  liquid  waste  management  system 

tank  effluent 

Nuclear  Power 
Demonstration  Waste 
Management  Facility 

Potentially  contaminated  building  effluent  - 
turbine  hall  sump 
Stormwater  effluent 

8.2.5    Hydraulic  Generating  Stations 

At  hydraulic  generation  stations,  only  3  effluent  streams  require  monitoring  under  the  MISA 
Monitoring  Regulation  (MOE  1989a),  including  once-through  cooling  water  (OTCW),  storm 
water  effluent  and  potentially  contaminated  building  effluent. 

The  once-through  cooling  water  is  not  chlorinated  at  the  plants  being  monitored.  Therefore 
no  contaminants  that  are  not  in  the  raw  water  are  expected  in  the  effluent. 

Potentially  contaminated  building  effluents  and  stormwater  may  contain  contaminants  from 
spills,  equipment  leaks,  etc.   However,  the  most  appropriate  methods  for  reduction  of 
contaminant  levels  are  better  management  practices  for  control  of  leaks  and  spills  and 
containment  of  contaminated  areas  and  general  good  housekeeping. 
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8.3  Contaminant  Removals 

Table  8-8  presents  esrimated  removal  ranges  for  each  of  the  contaminants  of  concern  for  the 
potential  additional  treatment  technologies  proposed  in  the  previous  tables.   It  is  important  to 
note  that  removal  efficiencies  will  depend  on  input  concentrations  and  variability,  operating 
methods,  operator  training  etc.,  and  therefore  the  values  shown  must  be  considered  very 
approximate  at  this  time.   Table  8-9  presents  the  estimated  removal  efficiencies  of  the 
contaminants  of  concern  for  each  treatment  plan. 

8.4  Treatment  Plan  Costs 

The  purpose  of  this  section  is  to  develop  illustrative  costs  for  the  treatment  plans  described  in 
Table  8-9.  Table  8-10  presents  the  results  of  these  effons  for  each  treatment  plan.   The  costs 
presented  in  Table  8-10  incorporate  economy  of  scale  factors  and  were  calculated  for  plants 
of  representative  sizes  for  the  power  generation  sector,  using  flow  rates  as  an  index  of  scale. 
However,  no  accommodation  was  made  for  costs  savings  that  might  accrue  from  installing 
more  than  one  technology  component  at  the  same  time. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980a)  other  literature  sources  and  in-house  information  on  total  construction  costs  from 
recent  CH2M  Hill  projects.   Total  capital  costs  include:  equipment  and  installation;  and 
engineering  and  design  costs.   Land  costs,  which  are  highly  variable,  are  not  included.   Total 
operating  costs  include  all  labour,  maintenance  and  power,  as  well  as,  waste  disposal  and 
chemical  purchases,  when  appropriate.  Total  annualized  costs  were  assumed  to  equal  the 
annualized  value  of  total  capital  costs  over  30  years  at  a  10  per  cent  rate  discount  of  plus 
annual  operating  costs.   No  accommodation  was  made  for  costs  savings  that  might  arise  from 
installing  more  than  one  technology  component  at  the  same  time.   Costs  were  indexed  to  May 
1989  values  using  the  Engineering  News  Record  construction  index. 

More  detail  on  the  economic  assumptions  utilized  is  provided  in  the  Treatment  Technology 
Costs  Appendix  (Appendix  B). 


8.5     Abatement  Strategy  Estimates 

At  present,  no  waste  heater  flow  and  contaminant  data  for  electric  power  generating  stations 
are  available  with  which  to  apply  the  models.   When  these  data  become  available  from  the 
MISA  monitoring  program,  they  can  be  incorporated  into  the  model  and  the  cost  of  the 
strategies  estimated. 
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Table  8-8  Summary  of  Contaminant  Removals  for  Treatment  Technologies 


Sedlmentatlor 

Granular 

Activated 

Chemical 

Bottom 

W/0 

with 

Media 

Carbon 

Oxidation 

Air 

Ash 

Chemicals 

Ume 

Filtration 

Adsorption  (Chlorine) 

Stripping 

Recycle 

(%  Removal) 

DOC 

. 

. 

0-99 

. 

>99.9 

TOC 

40 

20 

15 

- 

>99.9 

Ammonia-N 

- 

- 

- 

60 

>99.9 

TSS 

62 

61 

68 

- 

>99.9 

TDS 

. 

- 

- 

>99.9 

Sulphates 

- 

- 

- 

>99.9 

Oil  &  grease 

47 

60-95 

0-98 

- 

>99.6 

MeUls 

Aluminum 

. 

0-95 

. 

. 

>99.9 

Beryllium 

85 

38-76 

58 

- 

- 

>99.9 

Boron 

- 

- 

- 

- 

- 

>99.9 

Cadmium 

60-99 

72-99 

39-99 

34-95 

- 

>99.9 

Chromium 

36-99 

47-97 

95 

34-95 

- 

>99.9 

Copper 

66-99 

75-89 

40-99 

47-85 

- 

>99.9 

Lead 

36-99 

60-99 

36-99 

14-72 

- 

>99.9 

Lithium 

. 

. 

- 

- 

- 

>99.9 

Molybdenum 

- 

- 

- 

- 

>99.9 

Nid<el 

. 

99 

40 

40 

- 

>99.9 

Silver 

76-99 

20-84 

11-50 

11-50 

- 

>99.9 

Strontium 

- 

- 

- 

- 

>99.9 

Thallium 

52-66 

55-83 

55 

55 

- 

>99.9 

Vanadium 

- 

- 

- 

- 

- 

>99.9 

Zinc 

71-99 

77-99 

39-99 

39-99 

- 

>99.9 

Iron 

90 

98 

- 

>99.9 

Sulphide 

- 

- 

- 

- 

99 

- 

>99.9 

Notes: 

•-•  No  Data. 

References.  U.S. 

EPA  1980; 

Patterson  1985. 
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Table  8-10: 


Treatment  Plan  Costs  by  Source  -  Total 
Capital,  Operating  and  Annualized  Costs 


Source 


1989  Dollars 

TotaC 

Wastewater 

Operating2 

AnnuaJ(z©Q 

Flow 

Total  CapItaH 

Costs 

Costs   ' 

(M3/DAY) 

Costs 

per  Year 

per  Year 

Neutralization 

Atikokan  TGS 

62  000 

$175  186  961 

$11500  054 

$30  083  755 

Lakeview  TGS 

370  000 

$9  135  339 

$87196414 

$88  165  484 

Lambton  TGS 

350  000 

$4  697  393 

$54  209  765 

$54  708  061 

Lenrwx  TGS 

49  000 

$24142154 

$827  220  278 

$829  781  260 

Thunder  Bay  TGS 

750  000 

$16  249  703 

$378  562  957 

$380  286  713 

Darlington  NGS  (Gonsfn) 

2  200  000 

$2  962  208 

$12  656  633 

$12  970  861 

Neutralization  and  Sedimentation  with  Chemical  Addition 

Atikokan  TGS 

62  000 

$350  373  922 

$23  000108 

$60167  510 

Lakeview  TGS 

370  000 

$18  270  679 

$174  392  829 

$176  330  969 

Lambton  TGS 

350  000 

$9  394  786 

$108  419  531 

$109416123 

Thunder  Bay  TGS 

750  000 

$32  499  406 

$757125  914 

$760  573  426 

Neutralization,  Sedimentation  with  Chcriiical  Addition  and  Granular 

Media  nitration 

Atikokan  TGS 

62  000 

$375  735  330 

$74  499  677 

$114  357  398 

Lakeview  TGS 

370  000 

$66  569  621 

$215  449  468 

$222  511  124 

Lambton  TGS 

350  000 

$27  987  300 

$110  087121 

$113  055  993 

Thunder  Bay  TGS 

750  000 

$654  661  194 

$832  512  105 

$901  958  073 

Neutralization,  Sedimentation  with  Chemical  Addition,  Granular  Media  Filtration 

and  Air  Stripping 

Atikokan  TGS 

62  000 

$550  922  291 

$85  999  731 

$144  441  153 

Lakeview  TGS 

370  000 

$75  704  960 

$302  645  883 

$310  676  608 

Lambton  TGS 

350  000 

$32  684  693 

$164  296  887 

$167  764  054 

Thunder  Bay  TGS 

750  000 

$670  910  896 

$1  211  075  062 

$1  282  244  786 

Table  8-10:  Treatment  Plan  Costs  by  Source  -  Total 

Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

Totat3 

Wastewater 

Operating2 

Annualized 

Row 

Total  Capitall 

Costs 

Costs 

(M3/DAY) 

Costs 

per  Year 

per  Year 

Source 

Neutralization,  Sedimentation  with  Chemical  Addition,  Giunular 
Media  Initiation,  Air  Stripping  and  Steam  Stripping 

$726  1 09  252           $97  499  785  $1 74  524  908 

$84  840  300          $389  842  297  $398  842  092 

$37382  086         $218  506  652  $222  472116 

$687160  599      $1589  638  019  $1662  531499 

Neutralization,  Sedimentation  with  Chemical  Addition,  Granular  Media  Hltration, 
Air  Stripping,  Steam  Stripping  and  Chemical  Oxidation 


Atikokan  TGS 

62  000 

Lakevlew  TGS 

370  000 

Lambton  TGS 

350  000 

Thunder  Bay  TGS 

750  000 

Atikokan  TGS 

62  000 

$780  965  393            $99  699152 

$182  543  374 

Lakeview  TGS 

370  000 

$94  233  023         $482  003  1 42 

$491999  310 

Lambton  TGS 

350  000 

$97  868  980         $227467  031 

$237848  899 

Thunder  Bay  TGS 

750  000 

$701  305  238      $1  876  539  993 

$1  950  933  926 

Neutralization,  Sedimentation  with  Chemical  Addition,  Granular  Media  Hltradon, 

Air  Stripping,  Steam 

Stripping,  Chemical  Oxidation  and  Ion  Exchange 

Atikokan  TGS 

62  000 

$956152  354         $111199  205 

$212  627128 

Lakeview  TGS 

370  000 

$103  368  362         $569199  556 

$580164  794 

Lambton  TGS 

350  000 

$1 02  566  373         $281  676  797 

$292  556  961 

Thunder  Bay  TGS 

750  000 

$71 7  554  941       $2  255  1 02  950 

$2  331  220  639 

Neutralization  and  Granular  Media  Hltradon 

Lennox  TGS  49  000  $119  697  990         $844  858  392         $857  555  865 

Darlington  NGS  (Construdi  2  200  000  $5  924  417  $25  313  265  $25  941723 


Neutralization,  Granular  Media  Filtration  and  Air  Stripping 

Lennox  TGS  49  000  $143  840  144      $1672  078  670      $1687  337125 


Table  8-10:  Treatment  Plan  Costs  by  Source  -  Total 

Capital,  Operating  and  Annualized  Costs 


1989  Dollars 

TotaO 

Wastewater 

Ope  ratings 

Annualized 

Flow 

Total  Capitall 

Costs 

Costs 

(M3/DAY) 

Costs 

per  Year 

per  Year 

Source 
Neutralization,  Granular  Media  Hltiadon,  Air  Stripping  and  Steam  Stripping 

Lennox  TGS  49  000  $167  982  298      $2  499  298  949      $2  517118  385 

Neutralization,  Granular  Media  Filtration,  Air  Stopping,  Steam  Stripping  and 
Oiemical  Oxidation 

Lennox  TGS  49  000  $183  653  751       $2  755  107  763      $2  774  589  615 

Neutralization,  Granular  Media  titration.  Air  Str^ing,  Steam 
Stripping,  Chemical  Oxidation  and  Ion  Exchange 

Lennox  TGS  49  000  $207  795  905      $3  582  328  042      $3  604  370  875 


Sedimentation  widi  Qiemical  Addition 


Nanticoke  TGS 

1  030  000 

R.  L  Ream  TGS 

5  440 

J.C.  Keith  TGS 

NA 

$37  463  988       $1  719  845  974      $1  723  820  126 
$2  962  208  $1 2  656  633  $12  970  861 

$2  962  208  $12  656  633  $12  970  861 


Sedimentation  with  Chemical  Addition  and  Granular  Media  Hltration 


Nanticoke  TGS 

1  030  000 

R.  L.  Heam  TGS 

5  440 

J.C.  Keith  TGS 

NA 

$185  748  305       $1754  012  183       $1773  716  223 
$5  924  417  $25  313  265  $25  941723 

$5  924  417  $25  313  265  $25  941723 


Table  8-10: 


Treatment  Plan  Costs  by  Source  -  Total 
Coital,  Operating  and  Annualized  Costs 


1989  Dollars 

Totafâ 

Wastewater 

Operating2 

Annualized 

Row 

Total  Capftall 

Costs 

Costs 

Source 

(M3/DAY) 

Costs 

per  Year 

per  Year 

Gravity  OU  Separation 

Bmce  A  NGS 

1  560  000 

$2  962  208 

$12  656  633 

$12  970  861 

Bruce  B  NGS 

1  970  000 

$2  962  208 

$12  656  633 

$12  970  861 

Pickering  A/B  NGS 

2  600  000 

$2  962  208 

$12  656  633 

$12  970  861 

Bruce  H30  Plant 

86  400 

$2  962  208 

$12  656  633 

$12  970  861 

Gravity  Oil  Separation  and  Neutralization 


Bruce  A  NGS 
Bmce  B  NGS 
Pickering  A/B  NGS 


1  560  000 

1  970  000 

2  600  000 


$5924  417 
$5  924  417 
$5  924  417 


$25  313  265 
$25  313  265 
$25  313  265 


$25  941  723 
$25  941  723 
$25  941  723 


Gravity  Oil  Separation,  Neutralization  and  Sedimentation  with  Chemical  Addition 


Bmce  A  NGS 
Bmce  B  NGS 
Pickering  A/B  NGS 


1  560  000 

1  970  000 

2  600  000 


$8  886  625 
$8  886  625 
$8  886  625 


$37  969  898 
$37  969  898 
$37  969  898 


$38  912584 
$38  912  584 
$38  912584 


Gravity  Oil  Separation,  Neutralization,  Sedimentation  with  Chemical 
Addition  and  Granular  Media  Filtration 


Bmce  A  NGS 

1  560  000 

$11848  834 

$50  626  531 

$51  883  446 

Bmce  B  NGS 

1  970  000 

$11848  834 

$50  626  531 

$51  883  446 

Pickering  A/B  NGS 

2  600  000 

$11848  834 

$50  626  531 

$51  883  446 

Gravity  Oil  Separation,  Neutralization,  Sedimentation  with  Chemical  Addition, 
Granular  Media  FUtration  and  Steam  Stripping 


Bmce  A  NGS 
Bmce  B  NGS 
Pickering  A/B  NGS 


1  560  000 

1  970  000 

2  600  000 


$14  811  042 
$14  811  042 
$14  811  042 


$63  283163 
$63  283  163 
$63  283163 


$64  854  307 
$64  854  307 
$64  854  307 


Table  8-10:  Treatment  Plan  Costs  by  Source  -  Total 

Capital,  Operating  and  Annualized  Costs 


1989  Dollars 


TotaO 

/Vastewater 

Operating2 

Anrujalized 

Row 

Total  Capttall 

Costs 

Costs 

{M3/DAY) 

Costs 

per  Year 

per  Year 

Source 

Gravity  Oil  Separation  and  Sedimentation  with  Chemical  Addition 
Bruce  H30  Plant  86  400  $5  924  41 7  $25  31 3  265  $25  941  723 


Gravity  Oil  Sqiaration,  Sedimentation  with  Chemical  Addition  and  Granular 
Activated  Carbon  Adsorption 

Bruce  H30  Plant  86  400  $8  886  625  $37  969  898  $38  912  584 

Gravity  Oil  Separation,  Sedimentation  with  Chemical  Addition, 
Granular  Activated  Carbon  Adsorption  and  Chemical  Oxidation 

Bnjce  H30  Plant  86  400  $1 1  848  834  $50  626  531  $51  883  446 


Notes:  1.  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Labour  +  Maintenance  +  Power  +  Chemicals  +  Waste  Disposal 
+  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with 
a  discount  rate  of  10%)  +Operating  Costs  per  Year. 


Electric  Power  Generation 
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Inorganic  Chemical  Manufacturing 


9.1     Industry  Description 

Inorganic  chemistry  is  a  major  branch  of  chemistry  that  embraces  most  substances  except 
those  containing  carbon  chains.  Diamond,  lampblack,  and  graphite,  however,  are  arbitrarily 
designated  as  inorganic  materials. 

The  inorganic  chemical  industry  processes  and  refines  naturally  occurring  inorganic  raw 
materials  into  a  wide  variety  of  products.   Products  include  acids  and  bases,  caustic  soda, 
soda  ash,  detergents,  fertilizers,  explosives,  carbon  black,  bleaches  and  industrial  gases. 

Major  processes  used  in  the  industry  include  evaporation,  combustion,  high  temperature 
reduction,  electrolytic  reactions,  purification,  size  reduction,  extraction,  drying,  calcination, 
nitration,  melting,  dehydration  and  adsorption. 

The  majority  of  raw  materials  used  in  the  inorganic  chemical  industry  are  naturally  occurring 
substances  and  are  generally  extracted  from  the  earth's  crust   Inorganic  chemicals  are  usually 
derived  from  materials  of  mineral  origin.  For  instance,  common  table  salt  is  a  raw  material 
for  such  chemicals  as  chlorine,  caustic  soda  and  sodium  chlorate.  These  chemicals  arc 
important  ingredients  for  the  production  of  wood  pulp,  plastics,  bleaches,  glass,  detergents  and 
aluminum. 

Gypsum  rock  when  calcined  loses  its  water  and  can  then  be  used  to  make  plaster  board. 
Bauxite,  which  is  approximately  80%  aluminum  oxide,  is  the  primary  ingredient  used  to 
produce  abrasive  grains. 

Brine  solutions  pumped  from  wells  and  quarried  limestone  are  the  main  components  used  for 
manufacturing  products  such  as  calcium  chloride,  soda  ash,  caustic  soda  and  chlorine  gas. 
Sand  is  used  as  an  initial  ingredient  in  the  production  of  glass  insulation. 
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Inorganic  Chemical  Manufacturing 


9.2     Ontario  Facilities 

Table  9-1  presents  a  summary  of  the  inorganic  chemical  sector  industries.  In  Ontario,  plants 
range  from  small  single  products  facilities  such  as  abrasives,  sulfuric  acid,  explosives  such  as 
abrasives,  sulfuric  acid,  explosives  and  carbon  black  plants  to  large  multi-product  facilities 
such  as  fertilizers.  Each  plant  tends  to  be  unique  in  terms  of  size  and  products  manufactured. 
The  industrial  processes  vary  so  widely  that  a  generic  description  of  the  industrial  and  waste- 
producing  processes  is  impossible.  This  should  be  borne  in  mind  when  any  generalization  of 
the  inorganic  chemical  sector  in  Ontario  is  attempted. 

The  22  plants  subject  to  MISA  monitoring  regulations  that  make  up  the  inorganic  chemical 
'sector'  fall  under  a  number  of  SIC  categories,  including:  Carbon  electrodes,  SIC  3399; 
Abrasives  industry,  granular  product,  SIC  3571;  Non-metallic  mineral  insulating  industry,  SIC 
3594;  Bulk  inorganic  chemical  industry,  SIC  3711;  Chemical  fertilizer  industry,  SIC  3721-29; 
Explosives  industry  SIC  3799  (MOE  1989b).   Seven  industrial  gas  plants  may  also  be 
included  in  the  category  for  a  total  of  29  facilities. 


9.3     Wastewater  Generation 


Wastewater  generated  within  the  industry,  by  virtue  of  products  manufactured,  contains  a 
number  of  conventional  and  priority  pollutants.   Conventional  pollutants  found  have  included 
suspended  solids,  acids,  bases,  chlorides,  sulphates,  phosphorus,  oil  and  grease,  and  nitrogen 
compounds.   Priority  pollutants  have  included  metals,  cyanide,  phenols  as  well  as  organic 
contaminants.   Industry  effluent  flows  range  from  less  than  5,000  mVd  to  greater  than 
250,000  mVd. 

Only  10  plants  were  monitoring  conventional  contaminants  under  the  IMIS  program, 
according  to  the  most  recent  available  IMIS  repon  (MOE  1987).  These  data  arc  presented  in 
Table  9-2  and  Table  9-3.   There  were  no  effluent  quahty  data  available  for  the  other  12 
plants.   The  IMIS  data  base  is  presented  in  this  ref)on  as  this  is  the  most  comprehensive 
database  available  on  effluent  quality  in  the  industry  at  this  time.   A  comprehensive  database 
of  effluent  quality  from  this  sector  will  be  developed  when  the  results  of  the  MISA 
monitoring  program  art  available,  at  the  end  of  1990.   The  work  presented  in  this  report 
should  be  updated  at  that  time. 
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Inorganic  Chemical  Manufacturing 


9.4     Wastewater  Control 


9.4.1    End-of-pipe  Wastewater  Treatment  Technologies 

Physical  chemical  treatment  processes  are  generally  used  in  the  inorganic  chemical  industry  to 
control  the  discharge  of  pollutants  to  surface  water  sources.   A  brief  description  of  each  of 
the  treatment  technologies  that  can  be  used  is  presented  below.. 


Hexavalent  Chromium  (Cr^)  Removal 

Hexavalent  chromium  is  toxic  and  soluble.  The  most  efficient  way  of  removing  this  from 
wastewater  solutions  is  a  two-step  process.  The  first  step,  reduction,  may  be  accomplished  by 
addition  of  a  reduction  reagent  (chemical)  at  low  pH.   Common  reagents  include  sodium 
bisulfite,  sodium  metabisulfite,  sulphur  dioxide  and  ferrous  salts.   Hexavalent  chromium  is 
reduced  to  trivalent  chromium,  which  may  be  removed  in  the  second  step,  by  chemical 
precipitation  for  metal  removal  described  below. 


Metal  Removal 

Hydroxide  precipitation  is  the  most  widely  used  technology  for  removing  trace  metals  from 
solution.   Lime  or  caustic  soda  are  commonly  used  to  supply  the  hydroxide  ions.   Under 
suitable  conditions,  the  metals  form  insoluble  hydroxides  which  can  be  separated  from 
solution  by  sedimentation.   Alternatively,  sulphide  may  be  added  to  the  wastewater  resulting 
in  the  formation  of  insoluble  metal  sulphides. 

The  equipment  for  chemical  precipitation  consists  of  pH  adjustment  tank,  a  flash  mixer, 
chemical  mix  tanks  and  a  settling  tank.  For  increased  removal  efficiency  of  fine,  dilute 
insoluble  particles,  settled  water  may  be  filtered  in  granular  media  filters. 

Cyanide  Removal 

The  application  of  chemical  oxidation  to  industrial  wastes  is  well  established  for  cyanide 
removal.   Common  chemicals  used  as  oxidizing  agents  include  chlorine  and  hypochlorite, 
with  sodium  hydroxide,  hydrogen  peroxide,  potassium  permangate  and  chlorine  dioxide  being 
used  less  frequently.   The  free  cyanide  level  after  treatment  is  generally  below  0.1  mg/L. 

Fluoride  Removal 

The  conventional  method  of  treating  fluoride  bearing  wastes  is  to  precipitate  the  fluoride  by 
the  addition  of  lime  (sedimentation  with  chemical  addition).    Using  this  process  alone,  it  is 
difficult  to  remove  fluoride  to  below  8  mg/L.    Addition  of  alum  generally  improves  the 
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removal  efficiency.   Granular  media  filtration,  in  addition  to   sedimentation,  will  provide 
additional  removal  of  the  insoluble  calcium  fluoride  floe  formed,  for  an  increased  fluoride 
removal  efficiency. 

Nitrate/Nitrite  Removal 

The  biochemical  oxidation  of  ammonia  nitrogen  to  form  nitrite  and  nitrate  is  called 
nitrification.   Denitrification  is  the  biological  reduction  of  nitrite  and  nitrate  to  nitrogen  gas 
and  carbon  dioxide.   The  first  step,  nitrification,  takes  place  in  the  presence  of  aerobic 
bacteria  in  an  aerated  lagoon  or  pond.   The  second  step,  denitrification,  is  an  anaerobic 
process  which  occurs  when  the  biological  microorganisms  cause  the  nitrates  and  carbon  to  be 
broken  down.   Denitrification  may  take  place  in  a  suspended  or  attached  growth  reactor.   If 
insufficient  carbon  is  available  in  the  waste,  methanol  addition  may  be  required.   Studies 
show  that  greater  than  98  percent  nitrogen  removal  can  result  from  the  nitrification, 
denitrification  process. 

Where  nitrogen  in  the  effluent  is  ah^eady  in  nitrate/nitrite  form,  a  single  step  anaerobic 
denitrification  treatment  is  appropriate.   In  tiiis  application,  the  denitrification  system  has 
three  main  components: 

•  A  complete  mix  tank  without  aeration.   Methanol  is  usually  added  to  support  the 
biological  reaction. 

•  A  sedimentation  tank 

•  A  flash  stripper,  which  strips  the  nitrogen  gas  to  the  atmosphere 

Land  application  is  another  technique  used  for  nitrate  removal.  This  method  is  utilized  at  one 
Ontario  facility,  for  nitrate  removal.   Although  effective,  this  method  is  dependent  on 
adequate  land  being  available. 

Activated  Carbon  Adsorption 

Adsorption  is  the  surface  phenomenon  in  which  a  substance  (adsorbate)  is  accumulated  on  the 
surface  of  another  substance  (adsorbent).   Activated  carbon  is  the  prevalent  adsorbate  used. 
Both  inorganic  and  organic  substances  are  known  to  be  removed  effectively  by  activated 
carbon.   Activated  carbon  adsorption  has  primarily  been  used  to  remove  organic  wastes  such 
as  DOC,  organic  nitrogen,  and  trace  organics.   There  are  recent  studies  that  indicate  the 
effectiveness  of  carbon  adsorption  in  removing  mercury,  cadmium,  cyanide,  chromium,  lead, 
nickel,  zinc,  arsenic,  and  copper. 

Other  Technologies 

The  major  processes  employed  for  reduction  of  total  dissolved  solids  are  reverse  osmosis, 

electrodialysis,  distillation  and  ion  exchange.   Any  of  these  processes  produces  a  very  high 
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quality  water  containing  very  low  residual  solids,  and  therefore  low  concentrations  of  metals, 
nitrates,  cyanide,  sulphates,  chloride,  etc.   However,  these  technologies  are  used  only  in 
limited  pollution  abatement  applications  because  of  the  high  costs  associated  with  the 
processes.   Consequently,  these  processes  are  not  recommended  by  the  U.S.  EPA  (1984)  for 
BATEA  technology. 


9.4.2    Other  Control  Methods 

Other  methods  of  control  of  the  discharge  of  contaminants  to  the  receiving  of  water  include: 

*  Zero-discharge 

*  In-plant  process  changes  and  product  substitution 

*  Best  management  practices  (BMP's) 

An  information  search  was  conducted  to  identify  examples  of  zero-discharge  being  practised 
in  inorganic  chemical  sector  industries  in  the  U.S.  or  Canada.   With  the  exception  of  land 
application  for  nitrate  removal  (discussed  above),  zero-discharge  practices  were  not  identified. 
Discussions  with  U.S.  consultants  indicate  that  process  change  and  product  substitution  are 
not  conimonly  used  in  this  sector.   In  the  U.S.,  because  the  U.S.  effluent  regulations  have  not 
yet  taken  effect,  CH2M  Hill  U.S.  staff  could  not  site  examples  of  measures  taken  to  minimize 
discharges  from  inorganic  chemical  facilities.   As  stated  previously,  the  inorganic  chemical 
sector  is  very  diverse  in  nature,  hence  generalizations  should  not  be  made  on  measures  which 
could  be  implemented  by  sector  facilities.  Also,  the  make-up  of  the  sector  in  the  U.S.  is  quite 
different  to  that  in  Ontario. 

BMPs  involve  the  control  of  the  discharge  of  contaminants  in  stormwater  using  adequate  spill 
contaminant,  employee  training,  development  of  emergency  procedures,  etc.   BMPs  will  be 
used  as  a  primary  measure  to  minimize  the  levels  of  contaminants  in  stormwater  effluents. 

9.5     Treatment  Alternatives 

A  list  of  contaminants  specific  to  the  various  streams  at  each  plant  in  the  inorganic  chemical 
sector  was  derived  based  on  the  contaminants  and  streams  to  be  monitored  for  the  MISA 
program,  as  outlined  in  the  Development  Document  (MOE  1989a).   Where  IMIS  data  were 
available,  this  was  also  used  to  determine  the  appropriate  technologies  that  could  be  applied 
to  the  plant,  based  on  the  data  available. 

Table  9-4  lists  contaminants  of  concern  and  possible  additional  treatments  for  each  stream. 
At  plants  where  concentration  data  were  limited,  the  literature  was  used  (U.S.  EPA  1984; 
Patterson  1985)  to  determine  additional  technologies  which  could  be  used  to  reach  a  high 
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level  of  removal.   It  should  be  stressed  that  these  treatment  plans  are  based  on  the  data 
available  at  this  time,  and  should  be  revised  when  the  results  of  the  MISA  monitoring 
program  are  available  at  the  end  of  1990.    It  is  possible  that  these  plans  will  be  inappropriate 
for  the  contaminants  actually  identified  in  the  organic  sector  effluents,  however  they  have 
been  developed  at  this  time  to  provide  a  framework  for  preliminary  analysis.   The  plans  were 
developed  using  the  best  professional  judgement  applied  to  the  site  specific  information 
available  for  each  facility,  and  should  certainly  be  updated  when  more  detailed  site  specific 
information  is  available.   Table  9-5  presents  the  contaminant  removal  efficiencies  of  the 
contaminants  of  concern  by  treatment  plan  outlined  in  Table  9-4. 


9.6     Treatment  Plan  Costs 

Estimated  costs  of  the  potential  additional  treatment  processes  by  plant  outlined  in  Tables  9-4 
and  9-5  are  presented  in  Table  9-6.  The  estimated  costs  include  total  capital  costs,  annual 
operating  costs  and  total  annualized  cost.   The  costs  presented  in  these  tables  incoiporate 
economy  of  scale  factors.  The  treatment  plans  developed  account  for  the  range  of  existing 
treatment  existing  in  the  sector.   It  should  be  noted  that  very  litUe  information  was  available 
from  the  MOE  development  document  on  existing  treatment  specific  to  each  of  the  major 
processes  outlined  at  the  beginning  of  this  chapter.   For  this  reason,  the  treatment  plan  costs 
outlined  here  focus  on  final  effluent  only.   It  should  also  be  recognized  that  because  final 
effluent  may  be  diluted  by  non-contact  cooling  and/or  storm  water  before  final  discharge,  the 
limits  of  certain  treatment  technologies  may  be  exceeded.   Therefore,  the  following  treatment 
plans  should  eventually  be  applied  only  with  regard  to  MISA  final  effluent  data  as  it  becomes 
available. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980)  and  from  in-house  information  on  total  construction  costs  from  recent  CH2M  Hill 
projects.   Total  capital  costs  include:  equipment  and  installation;  and  engineering  and  design 
outiays.   Land  costs,  which  are  highly  variable,  are  not  included.   Total  operating  costs 
include:  labour;  maintenance;  power,  and  any  required  chemical  purchases  and  waste  disposal. 
Total  annualized  costs  are  equal  to  total  capital  costs  discounted  at  a  rate  of  10  per  cent  over 
30  years  plus  annual  operating  costs.   No  accommodation  was  made  for  costs  savings  that 
might  accrue  from  installing  more  than  one  technology  component  at  the  same  time.   Costs 
were  indexed  to  May  1989  values  using  the  Engineering  News  Record  construction  index. 

More  detail  on  the  economic  assumptions  utilized  is  provided  in  the  Treatment  Technology 
Costs  Appendix  (Appendix  B). 
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Table  9-^: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 


Source 


Chraiical  Reduction 


Wastewater 

Row 
fM3/DAY^ 


Total  Capitall 
Costs 


Operating2 

Costs 
per  Year 


TotaC 
Anmjallzed 

Costs 
per  Year 


C-l-L  Cornwall 

2  872 

$373  721 

$720  600 

$760  244 

Exolon  -  ESK 

12  273 

$2  337  210 

$1  807  187 

$2  055  117 

General  Chem.  R.  2 

134  336 

$3  754  498 

$31  948  767 

$32  347  042 

Norton  Ceramics 

13161 

$931558 

$3185  257 

$3  284  076 

Chemical  Reduction  and  Sedimentation  with  Chemical  Addition 


C-l-L  Cornwall  2  872  $1  201  249 

Exolon  -  ESK  1 2  273  $4  047  879 

General  Chem.  R.  2  134  336  $9  414  1 12 

Norton  Ceramics  13161  $2  703  033 


$1477  990  $1605  418 

$4  947  890  $5  377  286 

$65  559  099  $66  557  741 

$6  549  722  $6  836  458 


r^pmiml  Reduction,  Sedimentation  with  Œemical  Addition  and  Granular 
Media  nitration 


General  Chem.  R.  2 
Norton  Ceramics 


134  336         $100  090  816  $70  005  780        $80  623  339 

13161  $22  734  301  $7134  976  $9  546  613 


Chemical  Reduction,  Sedimentation  with  Chemical  Addition,  Granular  Media 
Rltration  and  Granular  Activated  Carbon  Adsorption 


Norton  Ceramics 


13161 


$29  704  541 


$7  811226        $10  962  261 


Chemical  Reduction,  Sedimentation  with  Chemical  Addition,  Denitrification, 
Air  Stripping  and  Granular  Media  Filtration 


C-l-L  Cornwall 


2  872 


$14  410  448 


$2  093  343  $3  621  993 


Table  9-6:  Treatment  Plan  Costs  by  Source  -  Total  Capital, 

Operating  and  Annualized  Costs 


1989  Dollars 

Totae 
Wastewater  Operating2         Annualized 

Row  Total  Capitall  Costs  Costs 

Source  fM3/DAY)  CflslS  per  Year  Per  Year 

Chemical  Reduction,  Sedin^ntation  with  Chemical  Addition  and  Denitiification 

C-l-L  Cornwall  2  872  $3  573  826  $1  715  51 1  $2  094  620 

Chemical  Reduction,  Sedimentation  wiâi  Chemical  Addition,  Denitnfication 
and  Air  Stripping 

C-l-L  Cornwall  2  872  $6  963  290  $1  904  806         $2  643  466 

Chemical  Oxidation 

Cyanamid  Niagara  Fall  40  500  $5  390  768  $5  786  968        $6  358  817 

Chemical  Oxidation  and  Sedimentation  with  Chemical  Addition 

Cyanamid  Niagara  Fall  40  500  $8  498  31 9         $1 6  006  271        $1 6  907  767 


Chemical  Oxidation,  Sedimentation  widi  Chemical  Addidon  and  Granular 
Media  Filtration 

Cyanamid  Niagara  Fall  40  500  $50  090  953         $1 7  51 4  734       $22  828  344 

Chemical  Oxidation,  Sedimentation  with  Chemical  Addition,  Granular  Media 
Filtration  and  Granular  Activated  Carbon  Adsorption 

Cyanamid  Niagara  Fall  40  500  $63  772  885         $19  442  747       $26  207  726 


Table  9-6:  Treatment  Plan  Costs  by  Source  -  Total  Capital, 

Operating  and  Annualized  Costs 


1989  Dollars 

Total3 

Wastewater                                Operatlr)g2 

Annualized 

Row           Total  Capitall             Costs 

Costs 

Source               (M3/PAY)             CostS                per  Year 

per  Year 

Chemical  Oxidation,  Sedimentation  with  Chemical  Addition,  Jfitrification, 

Denitrification  and  Granular  Media  Filtration 

General  Chem.  R.  1                15  238           $37  588  650           $8  258  968 

$12  246  343 

Sedimentation  with  Chemical  Addition 

Cyanamid  Welland               27342            $2  553  323          $6  925  900 

$7196  754 

C-l-L  Courtright                     270  699             $8  034  040         $67  505  911 

$68  358  156 

Fibreglass  Canada                   6  349             $1  230  392           $1  643  383 

$1  773  902 

Nitrochem                                 2  610                $788  880              $690154 

$773  838 

Sedimentation  with  Chemical  Addition  and  Granular  Media  Hltiation 

C-l-L  Courtright                     270  699         $151017  888         $76  061647 

$92  081511 

Rbreglass  Canada                  6  349           $13  702191           $1975  462 

$3  428  980 

Nitrochem                                 2  610             $7  787  090              $866  917 

$1  692  965 

Sedimentation  with  Chemical  Addition,  Granular  Media  Filtration  and 

Granular  Activated  Carbon  Adsorption 

C-l-L  Courtright                     270  699         $193  790  562         $87  989  567 

$108  546  724 

Rbreglass  Canada                  6  349           $18  203  073           $2  324  114 

$4  255  082 

Nitrochem                                 2  610           $10  048  859           $1085  033 

$2  151  008 

Sedimentation  with  Chemical  Addition  and  Denitrification 

Cyanamid  Welland                 27  342             $9  873  864           $8  859  998 

$9  907  410 

Table  9-6:  Treatment  Plan  Costs  by  Source  -  Total  Capital, 

Operating  and  Annualized  Costs 


Source 


1989  Dollars 

Totals 

Wastewater 

C>perating2 

Annualized 

Row 

Total  Capitan 

Costs 

Ck)sts 

(m/DAY) 

Costs 

per  Year 

per  Year 

Sedimentation  with  Chemical  Addition,  Denitiification  and  Granular  Media 
Rltration 

Cyanamid  Welland  27  342  $42  092  737  $9  934  014       $14  399  180 


Sedimentation  widi  Chemical  Addition,  Denitrifîcation,  Granular  Media 
Hltration  and  Granular  Activated  Carbon  Adsorption 

Cyanamid  Welland  27  342  $52  901415         $11266  597       $16  878  340 


Sedimentation  with  Chemical  Addition,  Nitrification  and  Denitrification 

General  Chem.  Pt.  1  15  238  $12  836186  $5  371375         $6  733  028 


Sedimentation  with  Chemical  Addition,  Nitrification,  Denitrification  and 
Granular  Media  Filtration 

General  Chem.  R.  1  15  238  $34  869196  $6  030  449         $9  729  347 


Notes:  1.  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
costs  are  excluded). 

2.  Operating  Costs  per  Year  =  Lat>our  +  Maintenance  +  Power  +  Chemicals  +  Waste 
Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a  discount 
rate  of  10%)  +Operating  Costs  per  Year. 


Inorganic  Chemical  Manufacturing 


9.7     Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

As  shown  in  table  in  Table  9-7  no  estimates  of  the  cost  of  reducing  TSS  could  be  generated 
due  to  a  lack  of  contaminant  loading  and  wastewater  flow  data.   The  results  do  indicate  that, 
for  six  of  the  plants,  the  applicable  abatement  technologies  are  ineffective  since  the  present 
contaminant  concentration  falls  below  the  contaminant  concentration  threshold. 

The  Least  Cost,  Maximum  Allowable  Loading  and  Maximum  Allowable  Loading  per  Unit  of 
Production  strategies  can  also  be  estimated  by  the  model.   Estimates  of  removal  efficiencies 
and  wastewater  pollutant  concentrations  and  loadings  can  be  revised  in  the  database  as  new 
information  becomes  available.   Different  combinations  of  technologies  can  also  be  developed 
from  the  database  and  included  in  the  strategy  modelling  as  better  information  and  data 
become  available.   A  description  of  the  modelling  methodology  is  provided  in  Appendix  C. 
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10      Metal  Casting  Sector 


10.1   Description 

The  Metal  Casting  sector  in  Ontario  comprises  over  300  plants,  employing  between  15,000  and 
25,000  workers  (MOE  1989  2;  Deloite,  Haskdns  &  Sells  1988  12).  Most  of  these  plants  fall  into 
the  Metal  Casting  and  Foundries  category  (SIC  Class  29)  although  a  large  number  have  been 
categorized  into  other  industrial  classes  because  they  are  part  of  a  larger  vertically  integrated 
enteiprise  in  the  manufactured  products  sector. 

Of  the  over  300  plants,  about  175  will  not  be  subject  to  the  MISA  regulations  because  they  do 
not  discharge  industrial  wastewater.  Another  1 12  of  the  remaining  plants  send  only  storm  or 
cooling  water  to  municipal  or  provincial  sewers  and  will  be  subject  to  the  MISA  Sewer  Use 
regulations.  The  remaining  thirteen  plants  which  discharge  directiy  to  receiving  waterways  are 
the  subject  of  this  study.  Their  sizes,  discharge  volumes  and  effluent  quality  vary  widely. 

Nine  of  the  thineen  plants  cast  iron  and  steel  products  while  the  remaining  four  cast  aluminum 
(or  aluminum  and  magnesium).  Six  of  the  plants  discharge  process  effluent,  two  discharge 
combined  effluent,  while  the  remaining  five  discharge  only  cooling  and/or  storm  water.  Six 
plants  provide  no  effluent  treatment,  four  plants  have  primary  treatment  and  two  have  secondary 
treatment  of  effluent.   Information  on  individual  plants  is  provided  in  Table  10-1. 


The  process  of  metal  casting  is  relatively  simple,  consisting  of  three  stages,  as  illustrated  in 
Figure  10-1.  The  metal  is  first  melted  in  a  furnace,  then  cast  into  molds  and  finally  finished  into 
the  end  product.  The  various  techniques  for  melting  and  molding  are  described  in  Table  10-2. 
If  sand  molding  is  used,  the  sand  handling  and  cleaning  processes  of  Figure  10-1  may  be  present. 
The  materials  used,  noted  in  Table  10-1  for  each  plant,  are  indicative  of  the  melting  and  casting 
techniques  used. 
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Table  10-2 


Metal  Casting 
Description  of  Metal  Casting  Processes 


Procate 

Technique 

Description 

Malting 

Cupola   Furnace 

-Colte  is  burned  to  melt  metal 

together  with  limestone 
-Furnace  is  a  refractory  lined 

vertical  cylinder 
-Molten  metal  Is  removed  at  bottom 
-Waste  slag  also  produced 
-Used  for  iron  (ferrous)  products 

Electric  Arc  Furnace 

-Metal  Is  melted  by  heat  produced 
by  an  electric  arc  between 
electrodes 

-Used  for  ferrous  products 

Induction  Furnace 

-Alternating  current  is  used  to 
induce  current  and  therefore, 
heat,  In  metal 

-Used  for  high  quality  ferrous  and 
non-ferrous  products 

Reverberatory  Furnace 

-Metal  Is  melted  by  heat  from  a 
flame  radiated  off  the  walls 
of  the  furnace 

Crucible  Furnace 

-Fuel  combustion  ta)ces  place 
between  a  crucible  and  an  outer 
shell,  melting  the  metal  in  the 
crucible 

-Used  for  low  melting  point  metals 

Casting 

Permanent  Processes: 
(mold  is  not  destroyed 
during  casting) 
-die  casting 
-centrifugal  casting 
-ceramic  mold  casting 
-direct  chill  casting 

-Molds  capable  of  withstanding 
heat;  may  be  water-cooled 

-Lubricants  and  release  agents  may 
be  used  to  remove  metal  from  mold 
(waxy  substances  or  silicates) 

Non-Permanent  Processes: 
(mold  is  destroyed  during 
casting) 
-sand  casting 

-full  mold  or 
evaporative  casting 
-Metal  melts  pattern 
-High  precision 

-Sand  mold  can  be  brolcen  away  once 

casting  is  complete 
-Sand  may  be  recycled 
-Various  binders,  resins  and 

catalysts  used  for  added  strength 
-Polystyrene  or  wax  pattern  placed 

within  a  sand  mold 

Finishing 

Machining 

-Product  is  brought  to  final  dimensions 

Anneal ing/Quenchi ng 

-Heating  or  cooling  used  to  alter 
metallic  or  strength 
properties  of  the  product 

Surface    Treatment 

-Acid  cleaning 
-Chrome  coating 

-Dye  penetrants  used  for  quality 
control 

Sand  Cleaning 

Thermal    Reclamation 

-Washing 

-Drying 

-Heating  and  cleaning  of  sand  for 
recycle  to  the  molding  process 
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Table  10-3  Summary  of  MISA  Pre-regulation  Monitoring  Data,  Metal  Casting  Sector 


Chrysler 

Stormàrain 

Discharge 

PareiiMler 

(Cooling 

Water) 

(mg/i) 

COD 

11.3 

Ammonia 

J 

TSS 

- 

Phenols 

0.001 

Oil  &  Grease 

3.7 

Fluoride 

o.e 

Aluminum 

0.6 

Copper 

0.16 

Chromium 

0.006 

Iron 

0.07 

Lead 

0.01 

Mercury 

0.0003 

Zinc 

0.04 

TraavKMa 

■konCn  mtfL 

Ford 

Facility 

Discharge 

(Primary 

Treatment) 

(mg/l) 

0 

29 

0.308 

5.3 

10.9 

1.8 

0.037 

0.019 

2.5 

0.19 

0.0007 

1.64 


GM  Facility 

HaJey 

Discharge 

Treatment 

Plartt 

(Secondary 

(Seœndary 

Treatment) 

Treatn>ent) 

(mg/l) 

(mg/l) 

17.5 

295 

0.8 

16.7 

10 

280 

0.524 

0.063 

8.2 

12.7 

- 

116.8 

0.44 

2.8 

0.015 

0.45 

0.01 

0.87 

0.86 

8.4 

0.023 

0.009 

0.001 

0.002 

0.46 

0.48 

»*— ^ 
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Table  10-5 


Meial  Casting 
Surrogate  Parameters 


Presence  or  Removal  of 

Surrogate  Parameter 

Specific  Parameters 

Hydrogen  Ion  (pH) 

•  soluble  metals 

Total  Suspended  Solids  (TSS) 

•  insoluble  metals 

•  particulate-sofbed  metals  and 

non-volatile,  insoluble 

organics 

Oil  and  Grease 

•  organics 

Dissolved  Organic  CattX)n  (DOC) 

•  organics 

Reference:  MOE  1989. 

10.3    Pollution  Abatement 


10.3.1 


Process  Changes 


Cooling  and  storm  water  discharges  directly  to  receiving  waterways  should,  in  theory,  experience 
only  minimal  contamination.  In  practice,  they  may  become  contaminated  in  a  number  of  ways. 

Storm  water  flushes  any  contaminants  on  the  outdoor  property  into  the  receiving  waterway.  This 
may  include,  but  not  be  limited  to,  dust  from  plant  processes  and  run-off  from  outdoor  storage 
of  raw  materials  and  final  products.  Suitable  measures  to  minimize  outdoor  dust  and  to  cover 
stored  materials  will  alleviate  storm  water  contamination  problems.  Improf>er  connections  to  the 
stormwater  drainage  system  (floor  drains,  downspouts,  etc.)  may  also  exisL  These  may  result 
in  contamination  of  stormwater  with  process  water. 

Cooling  water  is  used  extensively  in  the  metal  casting  industry.  For  the  most  pan,  this  water  is 
contained  in  heat  exchange  systems  and  does  not  contact  the  process  water  directly.  However, 
contamination  may  occur  through  several  routes.  Addition  of  conditioning  chemicals  to  prevent 
fouling  of  heat  exchangers  may  be  necessary  if  raw  water  quality  is  poor.    Leaks  in  a  system 
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Metal  Casting 

Substances  with  the  greatest  potential  for  product  substitution  in  the  metal  casting  sector  are  the 
chemical  binders  used  in  sand  molding  and  lubricants  used  in  die  casting.  However,  it  will  be 
important  to  recognize  that  the  use  of  panicular  binder  and  lubricant  systems  represents  a 
substantial  investment  for  metal  casters.  Such  product  substitution  may  also  be  limited  by  the 
required  product  specifications.  It  should  be  noted  that  it  is  not  clear  at  this  time  whether  these 
substances  constitute  a  significant  risk  to  the  environment,  nor  whether  available  substitutes 
would  make  a  clear  improvement.  Because  waste  reduction  programs  are  in  only  very  early 
stages  throughout  North  America,  it  has  proven  difficult  to  compile  data  on  the  costs  of  measures 
such  as  product  substitution  (Zenon  Environmental  Inc.  1988). 


10.3.2  End-of-Pipe  Treatment 

In  the  metal  casting  sector,  end-of-pipe  treatment  focuses  on  removal  of  suspended  solids,  oil  and 
grease,  phenols  and  metals.  As  indicated  in  Table  10-5,  control  of  these  surrogate  parameters 
should  also  control  a  range  of  other  contaminants. 

At  the  present  time,  plants  in  the  Ontario  metal  casting  sector  that  discharge  only  cooling  and/or 
storm  water  provide  no  treatment  of  effluents  (Table  10-1).  All  of  those  plants  discharging 
process  water  provide  primary  treatment  as  a  minimum.  Two  process  water  dischargers  provide 
limited  secondary  treatment  but  none  provide  tertiary  treatment. 

The  following  paragraphs  summarize  treatment  options  available  for  the  metal  casting  sector  in 
Ontario.  Technologies  are  combined  in  alternative  treatment  plans  in  Section  10.4.  Figure  10-2 
outiines  the  range  of  alternatives  available  at  various  treatment  levels.  In  general,  cooling  and 
storm  water  will  be  dilute  and  may  not  require  treatment  Thus  it  is  considered  likely  that  only 
those  eight  plants  discharging  process  or  combined  effluents  will  consider  implementing  end-of- 
pipe  treatment. 


Recycling 

As  noted  in  Section  10.3.1,  recycling  may  substantially  reduce  effluent  volumes  in  the  metal 
casting  sector.  This  will  be  especially  true  of  non-contact  cooling  water.  However,  in  order  to 
recycle  cooling  water  to  heat  exchangers,  some  cooling  of  the  recycle  water  will  be  required. 
This  is  most  commonly  accomplished  through  the  use  of  a  cooling  tower,  however,  no  significant 
removal  of  contaminants  is  achieved.  Make-up  water  may  be  required  to  cover  evaporative 
losses  and  small  amounts  of  additives  may  be  required  for  the  control  of  scaling  and  corrosion. 
Scaling  and  corrosion  may  limit  the  degree  of  recycle  achievable,  however,  and  some  bleeding 
off,  or  blowdown,  of  cooling  water  may  be  required.  This  blowdown  may  require  subsequent 
treatment,  using  the  technologies  described  below. 
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Metal  Casting 


Primary  Treatment 


Initial  treatment  of  metal  casting  wastewaters  involves  removal  of  suspended  solids  and  oil  and 
grease.  Two  processes  are  proposed  for  total  suspended  solids  (TSS)  removal:  sedimentation  and 
sedimentation  with  chemical  addition.  The  latter  process,  while  somewhat  more  cosdy  and 
difficult  to  operate,  provides  more  complete  removal  of  suspended  solids,  metals,  fluorides  and 
phosphorus.  Lime  or  alum  addition  are  widely  used.  Typical  removal  efficiencies  for 
sedimentation  with  and  without  lime  addition  for  representative  contaminants  appear  in  Table  10- 
8.  These  figures  must  be  interpreted  as  estimates  as  some  of  them  were  derived  from  data  sets 
with  fewer  than  five  points,  covering  several  industrial  sectors  and  exhibiting  considerable 
variation.  Removal  efficiencies  must  be  expected  to  vary  from  application  to  application, 
depending  on  wastewater  concentrations  and  variability,  operating  practices,  and  other  individual 
site  characteristics. 

Primary  oil  and  grease  removal  is  possible  through  two  methods:  dissolved  air  flotation  and 
gravity  oil  separation.  Both  work  on  the  principle  that  oil  floats  and  can  be  skimmed  from  the 
surface  of  the  water  by  some  mechanical  means.  Removal  efficiencies  should  also  be  high  for 
organic  compounds,  such  as  those  listed  in  Table  10-4,  because  these  compounds  have  more 
affinity  for  oil  and  grease  than  for  water  and  tend  to  be  removed  with  oil  and  grease. 

Secondary  Treatment 

It  is  unlikely  that  the  combined  end-of-pipe  wastewaters  in  the  metal  casting  sector  will  be  able 
to  suppon  the  biological  activity  necessary  for  secondary  treatment.  The  secondary  treatment 
currently  in  use  is  for  small  streams  only,  and  the  potential  future  applications  would  also  likely 
be  only  on  very  small  streams. 

Tertiary  Treatment 

Tertiary  treatment,  sometimes  termed  polishing,  focuses  on  removal  of  particular  contaminants 
or  on  further  reduction  in  some  parameters  treated  at  an  earlier  stage.  The  various  technologies 
suggested  for  the  metal  casting  sector  are  summarized  in  Figure  10-2  and  are  described  briefly 
below. 

Chemical  oxidation  using  potassium  permanganate  will  be  effective  in  destroying  phenols,  which 
otherwise  may  not  be  present  at  levels  high  enough  to  suppon  biological  treatment.  One  by- 
product of  the  reactions  is  manganese  dioxide  which  may  also  serve  to  absorb  and  further 
precipitate  dissolved  metals. 

Total  suspended  solids  and  precipitated  metals  may  be  reduced  to  low  levels  by  granular  media 
filtration.    In  this  process  wastewater  is  pumped  through  a  fine-grained  media  such  as  sand 
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Table  10-8  Long-Term  Average  Treatment  Effectiveness 

Concentrations  For  Organic  Contaminants 


Contaminant 

Long  Term  Average 

Treatment  Effectiveness 

Concentrations(mg/l) 

acenapthene 

0.010 

benzene 

0.020 

benzidine 

0.022 

cartx)n  tetractiloride 

0.020 

chlorot>enzene 

0.020 

1 ,2-<Jichoioethane 

0.022 

1,1,1-trichioroethane 

0.020 

1 ,1 ,2-trichioroethane 

0.022 

2.4,6-trichlorophenoI 

0.048 

p-chloro-nvcresol 

0.022 

chioroform 

0.078 

2-ciilorophenol 

0.022 

1 ,2-frans-dichloroethylene 

0.022 

2.4-diciilorophenoi 

0.048 

2,4-dimethylphenol 

0.010 

ethylbenzene 

0.020 

fluoranthene 

0.018 

bis(2-chloroethoxy)methane 

0.024 

methyiene  chloride 

0.059 

methyl  chloride 

0.024 

dichlorobromomethane 

0.016 

isophorone 

0.016 

naphthalene 

0.024 

2-nitrophenol 

0.022 

4-nitrophenol 

0.022 

2,4-dinitrophenol 

0.010 

Metal  Casting 

For  the  purposes  of  this  study,  the  plants  in  this  sector  have  been  broken  up  into  a  number  of 
types,  as  described  below.  Seven  treatment  plans,  combining  the  technologies  described 
previously,  and  their  possible  use  for  each  type  of  plant  are  then  described.  These  are  not  to  be 
considered  as  recommendations,  rather  merely  as  possible  treatment  scenarios,  the  costs  of  which 
will  be  investigated  in  Section  10.5. 

Type  I  plants  are  those  that  discharge  only  cooling  water.  As  outlined  in  Table  10-1,  treatment 
plans  10-1  through  10-3  may  be  considered. 

Type  II  plants  provide  minimal  primary  treatment  such  as  cooling  ponds.  Treatment  plans  10-2 
through  10-7  may  be  applicable  depending  on  the  degree  of  treatment  required. 

Type  III  plants  are  those  already  practising  clarification  and  oil  separation.  More  sophisticated 
methods  such  as  those  in  plan  10-3  may  be  implemented,  or,  tertiary  treatments  such  as  10-6  and 
10-7  may  be  added. 

Type  rv  plants  already  practice  thorough  primary  treatment  and  some  secondary  and  tertiary 
treatment  on  isolated  streams.  The  addition  of  plans  10-6  or  10-7  may  be  considered  in  these 
cases. 

Table  10-9  presents  the  treatment  plans  considered.  Table  10-10  presents  the  corresponding 
removal  efficiency  of  the  contaminants  by  possible  treatment  plan. 


10.5   Treatment  Plan  Costs 

The  purpose  of  this  section  is  to  develop  illustrative  costs  for  the  treatment  plans  described  in 
Table  10-9.  Table  10-11  presents  the  results  of  these  effons  for  each  treatment  plan.  The  costs 
presented  in  Table  10-11  incoiporate  economy  of  scale  factors  and  were  calculated  for  plants  of 
representative  sizes  for  the  metal  casting  industry,  using  flow  rates  as  an  index  of  scale. 
However,  no  accommodation  was  made  for  costs  savings  that  might  accrue  from  installing  more 
than  one  technology  component  at  the  same  time. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980a)  other  literature  sources  and  from  in-house  information  on  total  construction  costs  from 
recent  CH2M  Hill  projects.  Total  capital  costs  include:  equipment  and  installation;  and 
engineering  and  design  costs.  Land  costs,  which  are  highly  variable,  are  not  included.  Total 
operating  costs  include  all  labour,  maintenance  and  power,  as  well  as,  waste  disposal  and 
chemical  purchases,  when  appropriate.  Total  annualized  costs  were  assumed  to  equal  the 
annualized  value  of  total  capital  costs  over  30  years  at  a  10  per  cent  rate  discount  of  plus  annual 
operating  costs.  No  accommodation  was  made  for  costs  savings  that  might  arise  from  installing 
more  than  one  technology  component  at  the  same  time.  Costs  were  indexed  to  May  1989  values 
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Tabic  10-11: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

TotaO 

Wastewater                             Operating2 

Annualized 

Row           Total  Capltall         Costs 

Costs 

Source                  (M3/DAY)              Costs             per  Year 

wrYear 

Sedimentation  with  Lime  Addition  and  Gravity  Oil  Separation 

r/PE  11 -SMALL                             130               $290  963            $77  526 

$108  391 

TYPE  11  -  MEDIUM                         1500               $988  354          $810192 

$915  036 

TYPE  11 -LARGE                         90000            $7  655  754     $46  453  340 

$47  265  456 

Sedimentation  with  lime  Addition,  Gravity  Oil  Separation  and  Chemical 

Oxidation 

TYPE  11 -SMALL                               130                $387  834           $111523 

$152  664 

TYPE  11  -  MEDIUM                         1500            $1525  010       $1060  584 

$1  ???  356 

TYPE  11 -LARGE                         90000          $17  083  371      $59  153  892 

$60  966  083 
il 

Oxidation  and  Granular  Media  Hitration 


TYPE  11 

SMALL 

130 

$1383  776 

$145  591 

$292  381 

TYPE  11 

■MEDIUM 

1500 

$6  407  372 

$1  184  240 

$1  863  929 

TYPE  11 

■LARGE 

90000 

$86  975  503 

$62  233  192 

$71  459  488 

Sedimentation  with  Lime  Addition,  Gravity  Oil  Separation,  Chemical  Oxidation, 
Granular  Media  Filtration  and  Granular  Activated  Carbon  Adsorption 


$159  513  $352  613 

$1282  969        $2  163  548 

$66  353  924      $77  923  641 


TYPE  11  -  SMALL 

130 

$1  820  332 

TYPE  11  -  MEDIUM 

1500 

$8  301  150 

TYPE  11  -  LARGE 

90000 

$109  066  734 

Table  10-11: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

Totals 

Wastewater 

Operating2 

Annualized 

Row 

Total  Capttail 

Costs 

Costs 

Source 

(M3/DAY) 

Ççsts 

p«rYear 

per  Year 

Chemical  Oxidatioa,  Granular  Media  Hltratioa  and  Granular  Activated  Caibon 

Adsorption 

TYPE  II  -  SMALL 

130 

$1  529  369 

$81987 

$244  221 

TYPE  II  -  MEDIUM 

1500 

$7  312  796 

$472  776 

$1248  512 

TYPE  II  -  LARGE 

90000 

$101410  980 

$19  900  584 

$30  658185 

TYPE  III  -  SMALL 

130 

$1  529  369 

$81987 

$244  221 

TYPE  III  -  MEDIUM 

1500 

$7  312  796 

$472  776 

$1248  512 

TYPE  III  -  LARGE 

90000 

$101410  980 

$19  900  584 

$30  658  185 

TYPE  IV  -  SMALL 

130 

$1  529  369 

$81987 

$244  221 

TYPE  IV  -  MEDIUM 

1500 

$7  312  796 

$472  776 

$1  248  512 

TYPE  IV  -  LARGE 

90000 

$101410  980 

$19  900  584 

$30  658185 

Notes:  1.  Total  Capital  Costs  =  Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 

costs  are  excluded). 

2.  Operating  Costs  per  Year  =  1  ahour  +  Maintenance  +  Power  +  Chemicals  +  Waste                | 

Disposal  +  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years 

with  a 

discount  rate  of  10%)  +Operating  Costs  per  Year. 

Metal  Casting 
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11      Metal  Finishing 


11.1   Description 

Metal  finishing  refers  to  various  chemical  and  physical  processes  which  change  the  surface  of 
a  product  to  enhance  its  appearance  (aesthetics),  or  to  increase  its  corrosion  resistance  or 
produce  surface  characteristics  essential  for  subsequent  operations  (functional).  The  most 
prevalent  surface  finishing  processes  arc  electroplating,  anodizing  and  hot  dip  galvanizing. 

Metal  finishing  companies  can  be  divided  into  two  basic  categories,  namely  job  (contract)  and 
captive  shops.   Job  shops  provide  services  to  a  wide  range  of  customers  and  normally 
specialize  in  one  or  several  types  of  surface  finishing.   Captive  shops,  on  the  other  hand, 
serve  only  one  client  and  arc  often  integrated  with  large  manufacturing  operations  and  are 
part  of  the  manufacturing  process  line.   Metal  finishing  is  key  to  many  manufacturing 
operations  since  it  may  have  such  a  profound  effect  on  the  appearance  and  functioning  of  a 
final  product 

The  metal  finishing  sector  in  Ontario  consists  of  an  estimated  800  facilities.   Seven  of  these 
are  direct  dischargers,  which  have  been  monitored  in  the  past  as  part  of  the  IMIS  reporting 
system.  These  have  not  come  under  any  of  the  initial  MISA  direct  discharging  sector 
regulations.  But  it  is  anticipated  that  this  will  occur  in  the  future.   The  vast  majority  of  the 
metal  finishing  sector  in  Ontario  are  indirect  dischargers,  ie.  discharging  to  sanitary  sewers 
which  discharge  to  WPCPs.   A  survey  of  the  metal  finishing  sector  in  Canada  was  earned  out 
by  Environment  Canada  in  1984.   The  project  report  Overview  Assessment  of  the  Canadian 
Surface  Finishing  Industry  by  Environment  Canada  and  J.E.  Hanna  Associates  Inc.  (1984) 
indicated  that  there  were  296  metal  finishing  establishments  in  Ontario  although  discussions 
with  representatives  of  the  Canadian  Association  of  Metal  Finishers  indicate  that  there  are 
close  to  800.  The  breakdown  provided  in  the  1984  report  is  summarized  in  Table  11-1. 

The  types  of  activities  carried  out  by  the  surveyed  establishments  are  summarized  in 
Table  11-2. 
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Table  11-1  Industrial  Breakdovm  of  Ontario  Metal  Finishing  Industry 


Number  of 

Companies  In 

Major  SIC                                      Description 

Ontario 

29                                                  Primary  metal 

10 

30                                                  Fabricated  metal 

142 

31                                                  Machinery 

10 

32                                                 Transportation 

35 

33                                                  Electrical 

74 

39                                                 Other  Manufacturing 

25 

Total 

296- 

Source:  Overview  Assessment  of  the  Canadian  Surface  Firiishirtg  Industry, 

Environment  Canada  and 

J.E.  Hanna  Associates  inc.,  1984. 

•Discussions  with  industry  sources  indicate  an  estimated  800  metal  finishing  companies  in  the  Province. 

11.2   Description  of  Major  Metal  Finishing  Processes 

The  major  processes  involved  in  metal  finishing  are  discussed  briefly  below. 


Alkaline  Cleaning   is  carried  out  to  remove  oil.  grease  and  din  from  the  surface  of  the 
material  to  be  plated  using  water  with  or  without  a  detergent  or  other  dispersing  agent. 


Acid  Pickling   is  a  process  by  which  an  acid  in  combination  with  a  weiring  agent  or  detergent 
is  employed  to  remove  oil,  din  or  oxide  from  metal  surfaces.   An  acid  dip  operation  may 
follow  alkaline  cleaning  prior  to  plating. 


Salt  Bath  Descaling   is  the  process  of  removing  surface  oxides  or  scale  from  a  workpiecc  by 
immersion  of  the  workpiece  in  a  molten  salt  bath  or  a  hot  salt  solution.   The  work  is 
immersed  in  the  molten  salt  (at  400  -  500°C)  quenched  with  water  and  then  dipjîcd  in  acid. 
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Table  11-2  Types  of  Processes  used  by  Metal  Finishers  in  Ontario 


Number  of  Companies 
Process  Reporting  Process  On-site 


EUctroplating 

Brass  41 

Cadmium  32 

Chromium  99 

Copper  96 

Gold  20 

Nickel  165 

Rhodium  7 

Silvo  26 

Tin  25 

Tin  Lead  6 

Zinc  74 

Anodizing  -  Sulphuric  27 

-  Chromic  6 

Electropolishing  7 

Electrolytic  Stripping  30 


EUetroUu 

Brass  1 

Chromium  2 

Copper  17 

Nickel  13 

Silver  2 

Tin  6 

Galvanizing  -  Aluminum  2 

-Tin  3 

-Zinc  9 


Reference:     Overview  Assessment  of  Canadian  Surface  Finishing  Industry  ■  Status  of  the  Industry  and 
Measures  for  Pollution  Control.   Environment  Canada,  Chemical  Industries  Division  and  J.E.  Hanna 
Associates  Inc.,  1984. 


Electroplating   is  the  production  of  a  thin  surface  coating  of  one  metal  upon  another  by 
clectrodeposition.   Metal  ions  in  either  acid,  alkaline  or  neutral  solutions  arc  reduced  (plated) 
onto  workpieces  being  plated.   Cyanide  solutions  are  popular  for  copper,  zinc,  brass. 
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cadmium,  silver  and  gold.   Non-cyanide  alkaline  solutions  containing  pyrophosphate  can  be 
used  for  zinc  and  copper. 


Electroless  Plating   is  a  process  by  which  a  metal  is  plated  onto  an  object  without  the  use  of 
an  external  electrical  energy  source.   The  reaction  involves  catalytic  reduction  of  a  metallic 
ion  in  an  aqueous  solution  containing  a  reducing  agent. 


Anodizing  converts  the  surface  of  metal  to  an  insoluble  oxide.   Aluminum  is  the  most 
frequently  anodized  material.   Some  magnesium,  zinc  and  titanium  are  also  treated.   For 
aluminum,  the  formation  of  the  oxide  occurs  in  dilute  sulphuric  or  chromic  acid  solutions. 


Hot  Dip  Coating  is  a  process  of  coating  a  metallic  workpiece  with  another  metal  by 
emersion  in  a  molten  bath  to  provide  a  protective  film.   Galvanizing  (hot  dip  zinc)  is  the  most 
common  hot  dip  coating. 


Etching  involves  immersion  of  the  workpiece  in  a  combination  of  acids  that  dissolve  the 
surface  in  a  controlled  manner  to  produce  a  specific  design  condition  or  configuration. 


Coating   is  applied  to  previously  deposited  metal  or  basis  material  for  increased  corrosion 
protection,  surface  preparation  for  additional  coatings  (such  as  paints)  or  to  impact  a  specific 
surface  appearance.   This  can  be  achieved  by  chromating,  phosphating,  metal  colouring  or 
passivating. 


Chromating  is  achieved  by  reaction  with  aqueous  solutions  containing  hexavalent  chromium 
and  active  organic  and  inorganic  compounds.  Chromate  coatings  are  most  frequentiy  applied 
to  zinc,  cadmium,  aluminum,  magnesium,  copper,  brass,  bronze  and  silver. 

Phosphate  Conversion  Coatings  are  formed  by  the  immersion  of  iron,  steel  or  zinc  plated 
steel  in  a  dilute  solution  of  phosphoric  acid  plus  other  reagents. 


Passivation   refers  to  forming  a  protective  film  on  metals,  panicularly  stainless  steel  and 
copper,  by  immersion  in  an  acid  solution.   Nitric  acid  and  nitric  acid  with  sodium  dichromate 
are  typically  used  to  passivate  stainless  steel.   Copper  is  passivated  by  a  solution  of 
ammonium  sulphate  and  copper  sulphate. 
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Rinsing  of  metal  surfaces  is  required  following  most  of  the  operations  described  above.   The 
rinsewaters  produced  are  generally  the  major  source  of  wastewater  volume  in  the  metal 
finishing  sector,  but  are  not  necessarily  the  major  source  of  pollutants. 


11.3   Wastewater  Sources  and  Quality 

The  U.S.  EPA  Development  Document  for  the  Metal  Finishing  Sector  (1983)  lists  seven 
categories  of  contaminants  of  concern  in  metal  finishing  wastewaters.   These  were: 

Common  metals 

Precious  metals 

Complexed  metals 

Hexavalent  chromium 

Cyanide 

Oils 

Toxic  organics 

Metal  plating  involves  the  use  of  a  number  of  chemical  baths  to  achieve  various  results  on  the 
surface  to  be  plated.  These  chemical  baths  can  be  acidic  or  alkaline,  and  can  contain  high 
concentrations  of  cyanide  or  chromium.   These  baths  will  also  contain  varying  concentrations 
of  different  metals,  including  cadmium,  chromium,  copper,  lead,  nickel  and  zinc,  among 
others.   Rinsing  is  required  following  immersion  in  the  various  chemical  baths  in  a  plating 
shop.   High  quality  water  is  required  for  rinsing  to  ensure  good  quality  control  on  the  final 
product.  The  major  source  of  wastewater  from  the  metal  finishing  operations  are  rinsewaters, 
which  will  contain  any  or  all  of  the  above  contaminants,  depending  on  the  production  line 
where  the  rinsing  has  taken  place. 

Waste  rinsewater  constituents  reflect  the  bath  characteristics.   Generally,  plating  rinsewaters 
contain  about  1%  of  the  plating  bath  concentration.   Some  published  concentrations  of  various 
contaminants  in  plating  rinsewaters  are  presented  in  Table  11-3.    It  should  be  stressed  that 
these  values  vary  greatly  from  one  facility  to  another,  depending  on  the  type  of  plating 
carried  out  on-site. 

In  addition  to  rinsewaters,  another  source  of  process  wastewater  fi-om  metal  finishing 
operations  is  the  supematent  from  batch  treatment  of  spent  acid  solutions.  Typically,  the 
concentrated  solutions  are  neutralized  by  addition  of  sodium  hydroxide,  which  also 
precipitates  the  metals  contained  in  the  liquid.  The  supematent  is  generally  discharged 
directly  to  sewer,  although  it  can  also  be  directed  to  the  clarifier,  if  a  wastewater  pre- 
treatment  system  is  located  on-site. 
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Table  11-3  Typical  Metal  Finishing  Wastewater  Concentrations 


Contaminant  Concentration  (mg/L) 

Cadmium  (Cd)  7-22 

Copper  2-22 

Chromium  Hexavalent  (Cr^"*")  12-60 

Cyanide  (CN)  2-55 

Lead  (Pb)  0.2-98 

Nickel  (Ni)  5-69 

Zinc  (Zn)  15-55 

TSS  540* 


'  Mean  of  U.S.  EPA  flow  proportioned  data. 

Source:  Data  obtained  from  U.S.  EPA  Development  Document  for  tfie  Metal  Finishing 
Sector  (1983)  and  Patterson  (1985)  for  a  variety  of  process  stmms. 


Alkaline  cleaning  solutions  are  generally  neutralized  on  site  and  discharged  to  the  on-site 
treatment  system  if  one  exists,  or  arc  slowly  bled  into  the  sewer  for  off-site  discharge.   A  lot 
of  oil  and  grease  is  generally  removed  from  the  surfaces  to  be  treated  in  the  alkaline  cleaning 
bath.   This  is  skimmed  from  the  liquid  surface  and  disposed  separately.   When  there  is 
emulsified  oil  present  additional  treatment  is  required. 


11.4   Wastewater  Treatment 

Wastewater  treatment  in  the  metal  finishing  sector  typically  focuses  on  the  rinsewaters. 
Rinsing  tanks  contain  the  "drag-out"  from  plating  baths,  (ie.  the  plating  solution  which 
remained  on  the  metal  surface  after  it  left  the  plating  bath)  and  usually  contain  metal  salts, 
acids,  alkalis,  and,  in  some  cases,  cyanide.   The  waste  streams  from  the  rinsing  operations  arc 
generally  segregated  into  three  separate  streams: 
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The  acid/alkali  stream  from  cleaning  operations  and  the  acid  plating  baths  of  such 
metals  as  nickel,  copper  and  lead. 

The  cyanide  waste  stream  from  cyanide  plating  baths  of  metals  such  as  cadmium  and 
zinc. 

The  chromium  waste  stream  in  the  form  of  hexavalent  chromium  (Q**). 


Figure  11-1  is  a  schematic  of  a  "conventional  treatment"  facility  for  electroplating 
wastewaters  containing  chromium  and  cyanide  in  addition  to  other  heavy  metals,  acids  and 
alkalis.   Conventional  treatment  involves  the  following  steps: 

1.  The  cyanide  stream,  if  present,  is  oxidized  to  form  cyanate,  which  is  much  less  toxic. 
The  cyanate  is  further  oxidized  to  carbon  dioxide  and  nitrogen  gas.  This  is  generally 
accomplished  by  alkaline  chlorination,  but  another  oxidizing  agent  could  also  be  used. 

2.  Hexavalent  chromium,  if  present,  is  reduced  to  trivalent  chromium,  which  is  much  less 
toxic,  and  is  amenable  to  hydroxide  precipitation  (which  hexavalent  chrome  is  not). 
The  reduction  step  is  typically  accomplished  by  sodium  metabisulphiie  addition,  in  an 
acidic  environment.   Direct  precipitation  of  hexavalent  chrome  by  other  chemicals  is 
also  feasible,  but  much  less  common  than  conventional  treatment 

3.  The  pre-treated  cyanide  and  chromium  streams  are  then  introduced  into  a  pH  control 
tank,  together  with  the  acid/alkali  stream.   The  combined  wastewater  stream  is 
neutralized  and  sodium  hydroxide  (or  possibly  lime)  is  added  to  increase  the  pH  for 
precipitation  of  the  metals  out  of  the  wastewater  as  metal  hydroxides. 

4.  The  effluent  from  the  pH  control  tank  is  fed  to  a  gravity  settling  device,  usually  a 
clarifier,  where  the  metal  hydroxides  settle. 

5.  The  effluent  from  the  clarifier  is  discharged  to  the  sanitary  sewer  (or  to  additional 
treatment).  The  sludge  from  the  clarifier  is  de  watered,  and  disposed. 

Although  it  is  not  explicitly  stated  in  the  U.S.  Federal  Register  (U.S.  EPA  1983), 
"conventional  treatment"  as  described  above  is  considered  to  be  BAT  for  the  industry  in  the 
United  States. 

Table  11-4  shows  effluent  levels  achievable  by  conventional  treatment  and  are  compared  with 
the  U.S.  Pretreatment  Standard  for  Existing  Sources  (PSES)  and  Best  Available  Technology 
Standard  (BAT)  as  given  in  the  U.S.  Federal  Register  (1983). 


Final  Report  ~  Primed  22  March  1991  11-7 


Metal  Finishing 


Tertiary 
Treatment 


CoUsetion 
Tank 


Qr«nul«r 

Mttdia 

FUtratton 


H«xavmt«rt  Crmcnlim 


Cyw*M 


Cr-f€  RirtM  Waters 
Collwaloo  Tar* 


Cyanida  RJom  Watara 
CoUecbon  Tank 


HMudng  A«*nt 


Chromium 

Reduction 

Tank 


Pr«dpttatk>n 

or  Neutralization 

Tank 


Ctartftar 


Ultrafiltration 


OxMidna'^w* 


Cy  ankle 

Destructk>n 

Tank 


Tfaaanam 
CtmriOÊi» 


Ion  Exchange 


Figure  11-1  Metal  Finishing  Wastewater  Treatment  Alternatives 
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Metal  Finishing  Wastewater  Standards  and  Achievable  Levels  with 
Conventional  Treatment 


PSES*»^ 

BAT*' 

Effluent  Levels*'* 

EHIuent 

Effluent 

Achievable  with 

Contaminant 

Llmhatlons 

Llmhatlons 

Conv.  Treatment 

(mg/L) 

(mg/L) 

(mg/L) 

Cadmium 

0.26 

0.26 

1.0 

Chromium 

1.71 

1.71 

1.0 

Copper 

2.07 

2.07 

1.0 

Lead 

0.43 

0.43 

1.5 

Nickel 

2.38 

2.38 

2.0 

Zinc 

1.48 

1.48 

0.5-2.0 

Cyanide 

0.65 

0.65 

0.1-1.0 

"*  PSES  -  Pretreatment  Standards  for  Existing 

Sources 

<"  Source:  U.S. 

EPA  Federal  Register  1983. 

''i  Source:  Patterson  1985- 

Environment  Canada  1976 

1975. 

It  should  be  noted  that  effluent  concentrations  considerably  lower  than  those  indicated  in 
Table  11-4  have  been  achieved  by  some  metal  finishers  using  conventional  treatment 
(Patterson  1985;  U.S.  EPA  1983).   Levels  given  in  Table  11-4  arc  conservatively  high,  but 
were  considered  average  concentrations  that  can  be  expected  from  normal  operation,  in  the 
1975  Environment  Canada  Repon  Review  of  the  Canadian  Metal  Finishing  Industry. 

With  reference  to  Table  11-4  cadmium  and  lead  could  not  be  treated  to  PSES  or  U.S.  BAT 
levels  based  on  the  reported  effluent  concentration  levels  achievable  with  conventional 
treatment  cited  by  Environment  Canada.   An  extensive  study  carried  out  by  the  U.S.  EPA  and 
presented  in  the  Development  Document  for  the  Metal  Finishing  Sector  (1983)  indicated  that 
most  facilities  had  low  influent  cadmium  and  lead  levels,  hence  PSES  Standards  for  cadmium 
and  lead  were  consistently  met  by  conventional  treatment  systems.   Where  high  influent 
cadmium  and  lead  levels  exist,  tertiary  treatment  systems  or  polishing  techniques  such  as  ion 
exchange,  or  mixed  media(U.S.  EPA  625/8-8 1-(X)7),  sand  or  membrane  filtration  may  be 
required  to  meet  the  PSES  or  BAT  effluent  criteria. 

Table  11-5  shows  achievable  effluent  concentrations  for  various  treatment  technologies. 
Values  for  hydroxide  precipitation  (as  concentration  achievable)  were  taken  from  Environment 
Canada  (1975).   Values  for  ion  exchange  and  hydroxide  precipitation  with  filtration  have  been 
taken  from  the  U.S.  EPA  Development  Document  for  the  Metal  Finishing  Sector  (1983)  and 
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Patterson  (1985).      .formation  obtained  from  Sinig  (1978)  was  used  for  membrane  filtration. 
Removal  efficiencies  quoted  in  U.S.  EPA  (1983)  are  much  higher  than  those  discussed  in 
Environment  Canada  (1975,  1974)  but  reflect  levels  achievable  in  a  well  operated  system.    It 
should  be  noted  that  ion  exchange  processes  are  not  sufficiently  reliable  to  maintain  the  levels 
shown  in  Table  11-5,  and  must  be  supported  with  back-up  treatment,  particularly  for 
chromium  removal.   It  should  also  be  noted  that  ultra-filtration  is  rarely  used  as  an  end-of- 
pipe  treatment  technology. 

11.5    Process  Change  and  Product  Substitution 

The  high  cost  of  replacing  and  treating  plating  chemicals  lost  to  the  waste  stream  and  the  ever 
increasing  costs  of  sludge  disposal  have  resulted  in  the  development  of  chemical  separation 
processes  to  reclaim  plating  chemicals  and  metals  for  re-use. 

These  separation  processes  are  installed  on  one  or  more  of  the  separate  waste  streams  in  a 
plating  shop,  and  include  the  following  technologies: 

Ion  exchange 

Evaporative  recovery 

Reverse  osmosis 

Electrodialysis 

Electrowinning 

Insoluble  starch  xanthate  liquid  ion  exchange 

The  specific  resource  recovery  technologies  that  have  found  application  in  Ontario  are 
evaporation,  ion  exchange  and  electrolytic  processes.   Electrodialysis  and  reverse  osmosis 
have  found  limited  application  (Forrestal  1987).  The  presence  of  resource  recovery 
equipment  in  Ontario  plants  has  increased  in  the  last  10-15  years.   In  the  1975  Environment 
Canada  survey  of  metal  finishers,  14  of  141  (10%)  respondents  had  resource  recovery 
equipment  on-site.   In  the  1984  survey,  54  of  296  (15%)  respondents  had  resource  recovery 
equipment. 

The  advantage  of  these  installations  from  a  wastewater  treatment  point  of  view  is  that  they 
remove  some  of  the  constituents  of  the  wastewater  which  might  have  created  problems  in  the 
end-of-pipe  wastewater  treatment  system.   The  net  resuh  is  that  metal  and  chemical  loadings 
to  the  wastewater  treatment  system  are  reduced.   For  the  purpose  of  the  present  study,  all  of 
the  resource  recovery  technologies  should  be  considered  process  change. 

Fh-oduct  substitution  is  also  practised  to  an  extent  in  the  metal  finishing  sector.    An  example 
of  this  is  the  substitution  of  zinc  plating  in  place  of  cadmium  plating  in  some  operations,  or 
the  replacement  of  cyanide  zinc  with  either  chloride  or  alkaline  zinc.    Product  substitution  can 
reduce  effluent  toxicity. 
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Table  11-5  Effluent  Quality  Achievable  with  Selected  Technologies  for  the 

Metal  Finishing  Sector 


Parameter 

Cadmium 

Chromium 
(hexavalent) 

Chromium 
(trivalent) 

Chromium 
(total) 

Copper 

Lead 

Nickel 

Zinc 

Cyanide 

TSS 


Technologies 

Hydroxide 
Precipitation' 

(mg/L) 

Hydroxide 
Precipitation 
and  Filtration 

(mg/L) 

Ion 
Exchange 

(mg/L) 

Membrane 
Filuation 

(mg/L) 

1.5 

0.014 

<0.01 

0.03 

0.5 

0.01 

0.03 

1.0 

1.0 
1.5 
2.0 
2.0 
1.0 
20-50 


0.01 


.32 


0.02 


0.37 

0.09 

0.1 

0.03 

0.01 

0.05 

0.46 

<0.01 

0.1 

0.25 

0.4 

0.1 

0.04 

0.02 

13 

0.01 

Blanks  indicate  no  data  available. 

*   includes  chromium  reduction  and  alkaline  chbrination  as  pretreatment  steps. 

Sources:  Review  of  Canadian  Metal  Finishing  Industry,  Environment  Canada  1975;  Development 
Document  for  the  Metal  Finishing  Sector,   US  EPA  1983;  Electroplating  and  Related  Metal  Finishing  ■ 
Pollutant  and  Toxic  Materials  Control,   Sitting,  1978. 

"  ton  exchange  is  not  sufficiently  reliable  to  maintain  levels  shown,  at  all  times,  and  back  up  treatment, 
especially  tor  chromium,  is  required  (Ref.  3). 
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11.6   Status  of  Indirect  Dischargers  in  Ontario 

The  Environment  Canada  (1984)  Survey  identified  251  facilities  who  reported  a  discharge 
location.   Of  these,  211  reported  discharge  to  public  sewer.   Assuming  that  there  are  800 
metal  finishers  in  Ontario,  and  that  all  metal  finishers  discharge  some  wastewater,  it  is  not 
unreasonable  to  assume  that  84%  (211/251)  or  673  of  these  may  be  indirect  dischargers. 

The  wastewater  flow  rates  reported  by  78  respondents  in  the  1984  survey  varied  from  4.5  to 
720,770  mVyear,  and  averaged  79,000  mVyear.   Assuming  50  weeks  per  year,  5  days  per 
week  operation,  this  results  in  an  average  wastewater  production  rate  of  320  mVday  (84,650 
USgpd).   In  the  case  of  some  facilities,  batch  treatment  is  more  economical  than  continuous 
treatment.   For  larger  facilities,  continuous  treatment  systems  can  be  justified.   Flow  rates 
reported  arc  not  necessarily  an  indicator  of  facility  size,  as  the  number  of  hours  of  operation 
per  day  and  also  the  degree  of  wastewater  recycling  and  reuse  achieved  varies  from  one 
facility  to  another.   Typically  flow  rates  for  this  sector  are  quoted  in  the  Imperial  System  as 
Igpd,  Igpm  or  USgpm.  However,  for  consistency,  metric  units  of  M3/day  will  be  used  for 
this  study. 

The  1984  survey  included  details  of  wastewater  treatment  on  site.  These  arc  summarized  on 
Table  11-6.   One  company  can  have  a  number  of  processes  hence  there  is  overlap  in  the 
numbers  shown.  These  data  illustrate  that  at  that  time  most  companies  practised 
neutralization,  with  97  companies  (or  33%  of  total  responses)  reporting  settling  on  site.   As 
neutralization  is  normally  followed  by  settling  it  is  reasonable  to  assume  that  up  to  160 
companies  had  a  neutralization  settling  system  on-site,  if  the  answers  recorded  are  accurate. 
All  facilities  would  require  conventional  treatment  at  a  minimum,  to  remove  metals  from  the 
process  effluent.   Treatment  plan  removal  efficiencies  are  presented  in  Table  1 1-7. 


11.7    Treatment  Plan  Costs 

The  purpose  of  this  section  is  to  develop  illustrative  costs  of  treatment  for  representative 
plants  in  the  iron  and  steel  sector.    A  total  of  three  treatment  plans  were  developed  which 
account  for  the  range  of  possible  treatment  in  the  sector.    It  should  be  noted  that  very  little 
information  was  available  on  existing  treatment  specific  to  each  metal  finishing  plant. 
For  this  reason,  the  treatment  plan  costs  outlined  are  assumed  to  focus  on  final  effluent  only. 
The  following  treatment  plans  should  eventually  be  applied  only  with  regard  to  MISA  final 
effluent  data  by  plant  as  it  becomes  available. 

Since  little  consistent  data  were  available  for  facilities  the  cost  estimates  presented  arc  for 
typical  plants  within  the  sector.   The  costs  presented  in  Table  11-8  incorporate  economy  of 
scale  factors  and  were  calculated  for  different  flowrates  assumed  to  be  representative  of  the 
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Table  11-6  Wastewater  Treatment  On-Site  at  Ontario  Metal  Finishing 

Operations 


Wastewater  Treatment  Technology 


Number  of  Facilities 

Reported  In  Ontario 

out  of  296  Responses 


Cyanide  Destruction 

40 

Chromium  Reduction 

66 

Neutralization 

160 

Settling 

97 

Electrolytic  Destruction 

4 

Reverse  Osmosis 

2 

Elect  rodialysis 

3 

Ion  Exchange 

26 

Evaporation 

19 

High  P/T  Hydrolysis 

2 

Dewatering 

25 

Source:  Overview  Assessment  of  the  Canadian  Surface  Finisfiing  Industry 
J.E.  Hanna  Associates.  1984. 

Environment  Canada  and 
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Table  11-8: 


Treatment  Plan  Costs  by  Source  -  Total  Capital, 
Operating  and  Annualized  Costs 


1989  Dollars 

TotaO 

Wastewater 

Operating2 

Annualized 

Row 

TotaJ  Capttall 

Costs 

Costs 

{M3/DAY) 

Costs 

per  Year 

wrYear 

20 

$114166 

$47  320 

$59  431 

200 

$424  894 

$90  152 

$135  225 

2  000 

$1  647  727 

$383  388 

$558177 

Source 


Chemical  Oxidation,  Chemical  Reduction  and  Sedimentation 
with  Chemical  Addition 


Small 

Medium 

Large 


Chemical  Oxidation,  Chemical  Reduction,  Sedimentation  with  Chemical 
Addition  and  Granular  Media  Hltration 


Small 

Medium 

Large 


Chemical  Oxidation,  Chemical  Reduction,  Sedimentation  with 
Chemical  Addition  and  Ion  Exchange 


20 

$409  178 

$369  728 

$413  133 

200 

$1  742  666 

$412  560 

$597  420 

2  000 

$7  533  997 

$705  795 

$1  504  996 

Small 

Medium 

Large 


20 
200 

2  000 


$165  904 

$684  199 

$2  947  331 


$1  442  720  $1  460  319 
$1  485  552  $1  558  131 
$1  778  788   $2  091  438 


Notes:  1 .  Total  Capital  Costs 
costs  are  excluded). 

2.  Operating  Costs  per  Year 
+  Other  Annual  Costs. 

3.  Total  Annualized  Costs  =  Annualized  Total  Capital  Costs  (over  30  years  with  a 
discount  rate  of  10%)  +Operating  Costs  per  Year. 


Equipment  and  Installation  +  Engineering  and  Design  Costs  (land 
Labour  +  Maintenance  +  Power  +  Chemicals  +  Waste  Disposal 


Metal  Finishing 

metal  finishing  sector.   Other  cost  factors  are  of  considerable  importance  but  could  not  be 
accounted  for  in  this  study.   Since  no  data  were  available  on,  representative  flowrates  were 
developed. 

Cost  estimates  were  developed  following  the  guidelines  of  the  U.S.  EPA  Treatability  Manual 
(1980)  and  from  in-house  information  on  total  construction  costs  from  recent  CH2M  Hill 
projects.  Total  capital  costs  include  equipment  and  installation,  and  engineering  and  design 
costs.   Land  costs,  which  are  highly  variable,  are  not  included.   Total  operating  costs  include 
all  labour,  maintenance  and  power,  as  well  as,  waste  disposal  and  chemical  purchases,  when 
appropriate.     No  accommodation  was  made  for  costs  savings  that  might  arise  from  installing 
more  than  one  technology  component  at  the  same  time.   Costs  were  indexed  to  May  1989 
values  using  the  Engineering  News  Record  construction  index. 

More  detail  on  the  economic  assumptions  utilized  is  provided  in  the  Treatment  Technology 
Costs  Appendix  (Appendix  B). 


11.8    Estimate  of  the  Minimum  Technically  Achievable  Loading  Strategy 

The  results  for  the  Minimum  Technically  Achievable  Loading  strategy  in  the  metal  finishing 
sector  are  presented  in  Table  11-9.   Total  suspended  solids  (TSS)  is  the  contaminant 
evaluated. 

The  modelling  estimates  are  for  representative  plants  only  due  to  a  lack  of  specific  plant  data. 
The  range  of  the  annualized  cost  based  on  representative  plant  data  is  estimated  between  from 
$4  to  $93  per  kilogram  of  TSS  removed  depending  on  the  size  of  the  plant.   About  98  per 
cent  of  present  TSS  loadings  would  be  removed  from  the  wastewater  streams  of  metal 
finishing  plants. 

The  Minimum  Technically  Achievable  Loading  strategy  presented  in  Table  11-9  is 
representative  of  the  modelling  conducted.  The  Least  Cost,  Maximum  Allowable  Loading  and 
Maximum  Allowable  Loading  per  Unit  of  Production  strategies  can  also  be  estimated  by  the 
model.   Estimates  of  removal  efficiencies  and  wastewater  pollutant  concentrations  and 
loadings  can  be  revised  in  the  database  as  new  information  becomes  available.   Different 
combinations  of  technologies  can  also  be  developed  from  the  database  and  included  in  the 
strategy  modelling  as  better  information  and  data  become  available.   A  description  of  the 
modelling  methodology  is  provided  in  Appendix  C. 
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strategy  modelling  as  better  information  and  data  become  available.   A  description  of  the 
modelling  methodology  is  provided  in  Appendix  C. 
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APPENDIX  A 
Wastewater  Treatment  Technologies 


This  appendix  presents  technical  information  supporting  the  development  of  treatment 
technologies  and  plans  in  the  text  of  this  report  The  information  is  organized  in  the 
following  maimer.  First,  brief  descriptions  of  the  generic  treatment  technologies 
discussed  in  the  chapters  on  each  industrial  sector  are  presented  Included  is 
information  related  to  equipment  required,  contaminants  removed  and  any  resulting 
intermedia  transfers.  This  is  followed  by  two  important  tables  (Tables  Al  and  AJl) 
which  provide  information  required  to  make  preliminary  judgements  related  to  the 
combining  of  technologies  into  treatment  plans.  Table  A.1  presents  data  on  achievable 
effluent  concentrations  for  major  contaminants  of  interest  to  this  study,  as  a  function  of 
the  technology  applied.  There  are  limitations  to  the  ways  in  which  technologies 
should/can  be  combined.  Table  A-2  indicates  in  general  terms  which  combinations  are 
compatible,  necessary  or  redundant 


A-1 

TORROl/933.51 


ACnVATED  SLUDGE 


(Also  called  Secondary  Treatment  or  CAS) 


Process  Description: 

Wastewater  is  delivered  into  an  aeration  tank,  which  is  aerated  to  promote  microbial 
activity,  seeded  with  microorganisms  which  biodegrade  organics  present  in  the 
wastewater  and  circulated  to  ensure  uniform  biodégradation.  The  microorganisms  that 
flourish  in  this  enviromnent  metabolize  and  biologically  flocculate  the  organics  in 
wastewater.  Aeration  is  achieved  by  diffused  air  spargers  (air  bubbled  in  from  below) 
or  by  a  mechanical  agitator  (atmospheric  air  is  entrained  by  intense  turbulence  created 
at  the  surface).  Wastewater  is  normally  aerated  in  the  aeration  tanks  for  a  period  of  2- 
6  hours,  depending  on  plant  design.  Once  leaving  the  activated  sludge  section  of  a 
water  pollution  control  plant,  the  solids  are  allowed  to  settle  out  in  a  tank  referred  to 
as  a  secondary  clarifier.  The  settled  solids  are  referred  to  as  activated  sludge.  Some  of 
this  sludge  is  recycled  back  to  the  aeration  tank  to  ensure  there  is  always  an  ample 
population  of  micro-organisms.  A  small  percentage  of  the  sludge  is  wasted  from  the 
system.  In  municipal  treatment  plants,  this  sludge  usually  receives  further  treatment  in 
aerobic  or  anaerobic  digesters,  and  the  digested  sludge  is  disposed  of  on  land.  At 
industrial  plants,  this  sludge  is  generally  dewatered  and  landfilled  as  a  solid.  There  are 
different  types  of  activated  sludge  processes.  They  include:  High  Rate,  Step  Aeration, 
Conventional,  Contact  Stabilization,  Extended  Aeration  and  High  Purity  Oxygen. 

Activated  sludge  systems  can  also  be  designed  to  remove  specific  compounds  (eg. 
cyamde,  phenols,  ammonia)  by  acclimatization  of  the  micro-organisms  and  control  of 
operating  parameters.  These  systems  are  quite  sensitive,  and  can  fail  if  wastewater 
contains  high  concentrations  of  toxic  compounds  such  as  metals.  In  these  cases,  the 
system  must  be  reseeded. 


Required  Equipment: 

•  Large  tank 

•  Mechanical  or  diffused  aerator 

•  Return  and  waste  sludge  pipelines  and  pumps 

•  Sludge  treatment  system 


Removes: 


Numerous  organics,  including  phenols 
Compounds  which  contribute  to  BOD  and  COD 


A-2 
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Intermedia  Transfers: 

Oantaminants  are  metabolized  by  micro-organisms  and  concentrated  in  sludge.   Some 
volatile  compounds  may  be  released  to  air. 


Incompatibilities  or  Pre-treatment: 

Activated  sludge  is  sometimes  preceded  by  sedimentation,  and  is  always  followed  by 
secondary  clarification. 


A-3 
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ACTIVATED  SLUDGE  -  POWDERED  ACTIVATED  CARBON  ADDED 


Process  Description: 

Powdered  activated  carbon  (PAC)  is  used  for  the  adsorption  of  organic  compounds  and 
may  be  added  directly  to  the  aeration  tanks  of  a  conventional  activated  sludge  (CAS) 
process.  This  results  in  an  improvement  in  the  treatment  of  organics  in  CAS.  Many 
compounds  not  well-degraded  in  the  short  contact  time  provided  by  aeration  tanks  will 
sorb  to  the  PAC  and  settle  with  the  activated  biomass  sludge.  In  this  way,  contaa 
times  are  extended  from  hours  to  days.  PAC  may  also  be  recovered  from  the  sludge 
and  regenerated  for  reuse. 


Equipment  Required: 

•  Same  as  CAS  system 

•  Facilities  for  storing,  handling  and  regenerating  PAC 


Removes: 

•  Organics  not  readily  degraded  by  CAS 

Intermedia  Transfer: 

The  waste  activated  sludge  produced  contains  spent  PAC  which  may  either  be  disposed 
or  regenerated. 
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AERATED  LAGOON 


Description  of  Process: 

Wastewater  is  delivered  into  a  lagoon  or  a  shallow  pond  with  a  large  surface  area.  The 
lagoon  is  aerated  to  promote  microbial  activity.  Aeration  may  be  achieved  by  a 
diffused  air  system  (air  bubbled  from  below)  or  by  surface  aeration  (a  mechanical 
paddle  on  the  surface  of  the  lagoon).  Retention  times  in  lagoons  can  vary  from  a  few 
days  to  a  number  of  months,  depending  on  design.  In  some  designs,  part  of  the  lagoon 
is  aerated,  and  the  remainder  is  unaerated  to  promote  settling.  Long  retention  times 
allow  photodegradation  of  some  compounds. 


Required  Equipment: 

•  Large  shallow  basin,  sometimes  lined  with  clay  or  an  impervious  flexible 
lining. 

•  Pumps 

•  Aeration  system  (diffused  or  surface) 


Removes: 


TSS  (total  suspended  solids) 

BOD,  COD 

Organics  and  compounds  which  contribute  to  BOD 


Intermedia  Transfers: 

Lagoons  produce  little  or  no  sludge.     Contaminants  are  slowly  broken  down  by 
biological  activity. 
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AIR  STRIPPING 


Process  Description: 

Ammonia  and  volatile  organic  compounds  are  removed  from  the  wastewater  stream  by 
passing  the  wastewater  through  the  top  of  a  packed  tower  which  has  air  bubbled 
through  it,  counter  current  to  the  wastewater.  The  air  may  be  drawn  in  using  a  fan  or 
it  may  be  pumped  in.  The  tower  is  packed  with  slats  or  a  series  of  bundles  of  cut  pipe 
sections.  The  function  of  the  packing  is  to  break  up  the  air  and  wastewater  streams  to 
increase  the  contact  area  between  them,  in  order  to  improve  the  extraction.  The 
volatiles  become  entrained  in  the  air  stream  that  leaves  from  the  top  of  the  tower.  The 
cleansed  wastewater  leaves  the  bottom  of  the  tower. 

In  order  for  ammonia  gas  to  be  stripped  from  the  wastewater,  the  wastewater's  pH 
must  first  be  raised  to  the  range  of  7  -  11  to  favour  the  production  of  ammonia  in  a 
volatile  form.  pH  adjustment  is  accomplished  by  combining  the  ammonia-rich 
wastewater  stream  with  a  lime  slurry  in  a  rapid  mix  tank-  Following  the  rapid  mix  tank, 
flocculators  are  added  and  the  limeAvastewater  stream  is  passed  through  a  settling 
basin  to  remove  the  solids  which  form.  Only  when  the  wastewater  is  free  of  solids  is  it 
passed  through  the  air  stripping  column. 


Required  Equipment: 
(for  ammonia  stripping) 


Packed  tower 

pH  meter,  and  control  system 

Pumps 

Settling  tank 

Fans 

Rapid  mix  tank 

Control  system 

Agitator 

Lime  and  screw  pump 

Lime  and  water  mixer 


Removes: 


Volatiles 
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Intermedia  Transfers 

Some  sludge  may  be  created.   Depending  on  its  concentration,  ammonia  gas  may  be 
vented  to  air  or  removed  in  an  air  pollution  control  device. 


CHEMICAL  OXIDATION 


Process  Description: 


The  wastewater  is  mixed  in  line  or  in  a  mixing  vessel  with  a  chemical  oxidizing  agent. 
The  delivery  of  the  oxidizing  agent  is  regulated  with  a  metering  valve.  The  amount  of 
oxidizing  agent  delivered  would  be  controlled  by  a  analytical  control  system.  The 
function  of  the  oxidizing  agent  is  to  oxidize  odorous  compounds,  ammonia,  cyanide, 
phenols  and  organics  into  less  harmful  species. 


Required  Equipment: 

A  chamber  for  dissolving  the  oxidizing  agent  if  required 

A  pressurized  gas  container  for  gaseous  oxidizing  agents  such  as  chlorine 
gas  or  ozone. 

Control  systems  for  controlling  the  amount  of  oxidizing  agent  to  be 
delivered. 

Meter  pump  or  an  automated  bleeder  valve  for  delivering  the 
appropriate  amount  of  oxidizing  agent 

A  mixing  chamber  or  an  in-line  mixer  so  wastewater  and  oxidizing  agent 
are  well  mixed. 

Appropriate  oxidizing  agent  such  as  ozone,  chlorine,  chlorine  dioxide, 
sodium  hypochlorite,  calcium  hypochlorite,  potassium  permanganate, 
hydrogen  peroxide,  nitrous  acid,  sulphur  dioxide  and  air. 


Intermedia  Transfers: 

No  intermedia  transfer  of  contaminants  occurs,  as  contaminants  are  oxidized  to  other 
forms  and  remain  in  the  wastewater. 
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CHEMICAL  OXIDATION:   ALKALINE  CHLORINATION 


Process  Description: 

Wastewater  containing  cyanide  is  reacted  with  sodium  hydroxide  to  make  it  alkaline. 
It  is  then  reacted  either  with  sodium  hypochlorite  or  with  chlorine  gas  to  produce 
cyanate,  a  compound  of  lower  toxicity  than  cyanide.  During  this  treatment,  the  mixture 
must  be  constantly  agitated.  The  reaction  occurs  in  reactor  vessels  equipped  with 
mechanical  mixing  devices.  K  additional  chlorination  takes  place,  the  cyanate  produced 
in  the  reaction  can  be  oxidized  to  become  carbon  dioxide  and  nitrogen  gas. 
Acidification  of  the  cyanate  containing  wastewater  will  result  in  the  formation  of  carbon 
dioxide  and  ammonia  gas  in  the  wastewater. 


Required  Equipment: 

pH  and  ORP  (Oxidation/Reduction  Potential)  sensors 

Automated  chemical  feed 

Pumps 

Mechanically  stirred  vessels 

Required  chemical  additives 


Removes: 

•  Cyanide 

Intermedia  Transfers: 

Complete  oxidation  of  cyanide  results  in  the  release  of  gases  (either  carbon  dioxide  and 
nitrogen  or  carbon  dioxide  and  ammonia).  Depending  on  the  concentration,  ammonia 
may  be  vented  to  air  or  removed  in  an  air  pollution  control  device.  Other  releases  are 
harmless. 
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CHEMICAL  REDUCTION 


Process  Description: 

For  the  purposes  of  this  study,  chemical  reduction  is  used  to  convert  hexavalent 
chromium  to  its  trivalent  form  (ie,  Cr^"^  is  converted  to  Cr^"^),  involving  the  transfer  of 
three  negatively  charged  electrons.  The  source  of  these  electrons  is  the  reducing  agent, 
usually  gaseous  sulphur  dioxide.  The  process  involves  lowering  the  pH  of  the 
wastewater  to  2  or  3  using  sulphuric  acid  and  introducing  the  sulphur  dioxide.  Both  of 
these  steps  occur  in  a  single  stirred  reaction  tank  and  are  typically  followed  by 
precipitation  of  the  resulting  trivalent  chromium  using  Sedimentation  with  Lime 
Addition. 


Equipment  Required: 

•  Stirred  reaction  vessel 

•  Reducing    agent    (usually    sulphur    dioxide    but     may    be    sodium 
metabisulphite,  ferrous  sulphate  or  sodium  borohydride) 

•  pH  and  ORP  sensors 

•  Automated  metering  of  reducing  agent 


Removes: 

•  Hexavalent  chromium 

Intermedia  Transfers: 

A  small  amount  of  sludge  may  be  generated,  but  will  be  negligible  compared  to  the 
subsequent  precipitation  step. 
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DENITRIFICATION 


Process  Description: 

Denitrification  is  the  process  by  which  nitrates  and  nitrites  are  converted  into  nitrogen 
gas  through  the  action  of  facultative  heterotrophic  bacteria.  The  nitrified  influent 
(containing  nitrites  and  nitrates)  is  mixed  with  methanol  and  is  fed  into  an  anaerobic 
denitrifying  reactor.  This  denitrifying  reactor  is  simply  a  closed  reactor,  free  of  oxygen, 
which  contains  appropriate  microorganisms.  Mixing  ensures  uniform  denitrification. 
Once  leaving  the  denitrification  reactor,  the  wastewater  passes  through  a  vessel  which 
aerates  the  effluent  to  strip  out  gaseous  nitrogen  that  is  formed  in  the  metabolic 
processes  of  the  bacteria.  The  sludge  is  then  removed  from  the  stream  through 
clarification. 


Required  Equipment: 

•  Methanol  tank  and  feeder 

•  Denitrification  reaaor  equipped  with  denitrifying  bacteria  and  agitation 
mechanism 

•  Controls,  and  pumps 

•  Air  diffuser 


Removes: 

•  Nitrate  and  nitrite 

Intermedia  Transfers: 
Biological  sludge  is  produced 
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DISSOLVED  AIR  FLOTATION 


Process  Description: 

Dissolved  air  flotation  is  used  to  remove  oil  and  grease  as  well  as  finely  divided 
suspended  solids  from  a  wastewater  stream.  This  is  accomplished  by  pressurizing  the 
wastewater  to  3  to  5  times  atmospheric  pressure  and  introducing  compressed  air.  The 
wastewater  then  flows  to  a  large  flotation  tank  where  the  pressure  is  released, 
generating  a  fine  dispersion  of  air  bubbles  throughout  the  water.  As  these  bubbles  rise, 
oil  and  grease  as  well  as  solids  adhere  to  them  and  are  floated  to  the  surface  where  a 
mechanical  device  is  used  to  skim  off  the  resulting  sludge. 


Equipment  Required: 


Removes: 


Pressxirizing  pump 

Air  injection  facilities 

Retention  tank 

Back-pressure  regulating  device 

Flotation  tank  with  mechanical  skimmer 


Oil  and  grease  and  any  dissolved  organics  therein 
Suspended  solids 


Intermedia  Transfer: 

The  sludge  skimmed  from  the  surface  must  be  disposed,  and  may,  depending  on  the 
application,  be  a  hazardous  waste.  Some  small  amount  of  bonom  sludge  may  also  be 
generated. 
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GRANULAR  ACTIVATED  CARBON  ADSORPTION 


Process  Description: 

Activated  carbon  adsorption  is  used  for  the  removal  of  dissolved  organics.  Generally 
the  stream  to  be  treated  is  passed  through  a  filter  bed  of  granular  carbon.  The  carbon 
adsorbs  specific  pollutants  and  eventually  becomes  deactivated  when  all  adsorption  sites 
are  occupied.  At  this  point,  the  carbon  must  be  regenerated  or  removed  and  replaced. 
To  accommodate  this  regeneration  or  replacement  process,  carbon  beds  are  often  set 
up  in  series  or  parallel  to  provide  continuous  service.  The  wastewater  usually  flows 
through  the  carbon  bed  by  gravity,  or  can  be  pumped  up  through  the  bed.  To  prevent 
a  build  up  of  particulates  in  the  bed,  a  mechanism  for  flushing  the  bed  must  be  in 
place. 


Required  Equipment: 

•  Activated  carbon 

•  Vessels  to  hold  the  carbon  bed 

•  Backwash  pump 

•  Backwash  storage  tank 


Removes: 


Dissolved  organics,  compounds  contributing  to  BOD,  COD,  TOC  (total 
organic  carbon)  and  TOD  (total  oxygen  demand) 
Taste  and  odour  producing  compounds 


Intermedia  Transfers: 

Spent  activated  carbon  which  can  no  longer  be  regenerated  satisfactorily  must  be 
disposed.  Depending  on  the  contaminants  trapped  by  the  carbon,  it  may  have  to  be 
hauled  off-site  as  a  hazardous  waste.  Secure  landfill  and  incineration  are  two  options 
in  such  a  case. 
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GRAVITY  OIL  SEPARATION 


Process  Description: 

A  wastewater  containing  significant  quantities  of  oil  may  be  treated  by  simple  gravity 
separation.  In  this  process,  wastewater  flows  to  a  long  rectangular  basin  with  sufficient 
detention  time  for  the  contained  oil  to  float  to  the  surface  and  be  collected. 
Mechanical  scrapers  move  the  oil  to  the  downstream  end  of  the  basin  where  it  is 
collected  in  a  slotted  pipe  or  on  a  drum.  As  they  return  to  the  upstream  end,  the 
scrapers  remove  solids  from  the  bottom  of  the  tank.  Further  skimming  of  the  oil  may 
be  provided  by  drums  or  belts. 


Equipment  Required: 

•  Retention  basin,  often  baffled 

•  Mechanical  scrapers  and  skimmers 


Removes: 


OU  and  grease  and  any  organics  dissolved  therein 
Suspended  solids 


Intermedia  Transfer: 

The  oil  scraped  or  skimmed  from  the  surface  can  sometimes  be  recovered  for  reuse.  If 
not,  however,  landfilling,  lagooning,  incineration  or  contractor  removal  may  be 
employed  for  disposal.  Large  amounts  of  entrained  water  will  limit  the  applicability  of 
incineration. 
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ION  EXCHANGE 


Progress  Description: 

Ion  exchange  is  the  process  of  removing  undesirable  anions  and  cations  from  a 
wastewater  by  bringing  the  wastewater  in  contact  with  a  resin  that  exchanges  the  ions  in 
the  wastewater  with  a  set  of  substitute  ions.  The  wastewater,  free  of  suspended  solids, 
passes  through  a  column  containing  a  bed  of  beads  of  ion  exchange  resin.  When  the 
resin  is  exhausted  and  breakthrough  of  the  contaminants  into  the  effluent  occurs,  the 
resin  bed  is  backwashed  to  remove  any  particulate  fines  collected  in  the  bed.  Next,  a 
régénérant  is  brought  into  contact  with  the  bed  to  remove  the  contaminants  coUected 
on  the  bed  and  conven  the  resin  back  to  its  original  form.  Finally,  the  bed  is  rirised  to 
remove  excess  regeneration  solution  prior  to  restarting  the  ion  exchange  for 
contaminant  removal  from  wastewater. 

Many  applications  involve  the  use  of  more  than  one  ion  exchange  bed  in  series. 
Typically,  the  first  bed  replaces  positive  cations  in  the  wastewater  with  hydrogen  ions. 
The  second  bed  then  replaces  negative  anions  with  hydroxide  ions  which  combine  with 
the  hydrogen  ions  to  form  water. 


Required  Equipment: 


Cylindrical  ion  exchange  bed 

Pumps 

Tanks  for  solution  in  storage 

Control  system 

Monitoring  system 

Ion  exchange  resin 


Removes: 

Depending  on  the  resin  selected,  ion  exchange  can  be  targeted  to  remove  a  number  of 
different  types  of  contaminants  including  metals,  ammonia  and  to  polish  water  for  reuse 
by  removing  total  dissolved  solids  (TDS). 


Intermedia  Transfers: 

Back\vash  water  from  the  resin  bed  is  usually  a  dilute  waste  stream  containing  some 
paniculate  fines  and  traces  of  the  resin.  This  stream  can  be  discharged  directly  to  the 
storm  sewer.  The  régénérant  stream,  equivalent  to  up  to  25  percent  of  the 
wastestream  volume,  is  concentrated  and  requires  either  on-site  treatment,  or  must  be 
hauled  off-site  as  a  (hazardous)  liquid  industrial  waste. 
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NEUTRALIZATION/  pH  ADJUSTMENT 


Process  Description: 

Neutralization  refers  to  the  process  of  adding  acid  to  an  alkaline  solution,  or  adding  an 
alkaline  solution  to  acid,  to  render  the  solution  neutral 

The  pH  of  the  wastewater  is  monitored  and  adjusted  by  the  addition  of  a  base  if  the 
pH  is  too  low  and  the  addition  of  an  acid  if  the  pH  is  too  high.  The  acid  or  base  is 
added  as  a  liquid  to  the  wastewater  and  is  mixed  either  in  a  chamber  or  in-line.  The 
pH  of  a  neutral  solution  is  7.00. 


Required  Equipment: 


Monitoring  system  (pH  meter) 

Mixing  device 

Rubber  lined  mixing  reactors 

Line  screw  feeder 

Sulfuric  acid  (to  acidify  alkaline  solution) 

Sodium  bicarbonate,  calcium  carbonate,  or  sodium  carbonate  (to  lower 

pH  of  acidic  solution) 


Removes: 


Alters  the  pH  of  a  solution  to  render  it  neutral 


Intermedia  Transfers: 


Some  sludge  may  be  created. 
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NITRinCATION 


Process  Description: 

Ammonia  is  converted  into  nitrite  and  then  to  nitrate  by  the  action  of  autotrophic 
bacteria  in  an  aerated  vessel,  maintained  at  about  30°C  with  a  pH  of  7.2  to  8J.  The 
particular  claiss  of  bacteria  used  in  this  process  are  termed  nitrifiers.  The  process 
description  and  equipment  requirements  are  similar  to  the  activated  sludge  processes. 
Additional  aeration  capacity  and  carbon  supplement  is  required  to  promote  growth  of 
nitrifying  bacteria.  Nitrification  is  always  followed  by  secondary  clarification  (see 
activated  sludge). 


Required  Equipment: 


Aeration  tank 

Diffused  aeration  devices 

pH  and  temperature  monitoring  devices 

pH  and  temperature  controlling  devices 

Methane  feed  system  (carbon  supplement) 

Secondary  clarifier 


Removes: 


Ammonia 


Intermedia  Transfers: 


Biological  sludge  is  produced. 
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NITRIFICATION  -  UPGRADING  AN  EXISTING  ACTIVATED  SLUDGE  SYSTEM 


Process  Description: 

An  existing  CAS  system  may  be  upgraded  to  provide  nitrification  as  described 
previously.  This  is  achieved  by  providing  additional  aeration  to  the  aeration  tanks  so 
that  nitrifying  organisms  may  compete  with  CAS  organisms  for  the  available  oxygen. 


Equipment  Required: 

•  Additional  diffused  aeration  equipment  (blowers) 

Removes: 

.   •  Same  as  for  nitrification  (new  installation) 

Intermedia  Transfer: 

Same  as  for  nitrification  (new  installation). 
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SECONDARY  CLARinCATION 


Description  of  Process: 

This  process  follows  the  activated  sludge  aeration  tanks.  The  activated  sludge  and 
wastewater,  (all  referred  to  as  mixed  liquor)  flow  into  a  large  tank.  Due  to  the  low 
velocity  of  the  fluid  in  this  tank,  the  solids  settle  to  the  bottom  and  the  supernatant,  or 
clear  portion,  flows  onward  to  subsequent  treatment  or  discharge.  The  settled  solids, 
or  sludge  is  drawn  off  the  bottom  of  the  tank.  Some  is  returned  to  the  aeration  tank  to 
maintain  the  population  of  micro-organisms  at  the  correct  level.  The  remainder  is 
waste  activated  sludge,  which  may  be  treated  by  biological  means  prior  to  disposal. 


Required  Equipment: 

•  Large  tank 

•  Rake  arm 

•  Pumps 


Removes: 


Suspended  solids 

All  compoimds  treated  by  activated  sludge 


Intermedia  Transfers: 

Biological  sludge  is  produced  that  may  be  digested,  dewatered  or  landfilled  directly. 
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SEDIMENTATION 


(Also  referred  to  as  Primary  Clarification) 


Process  Description: 

This  process  involves  the  separation  of  suspended  particles  in  a  hqtiid,  by  settling.  The 
wastewater  enters  a  retention  tank  where  its  velocity  is  slowed  significantly  and  the 
solid  particulates  settle  by  gravity.  The  solids  are  swept  by  means  of  a  mechanical  rake 
to  a  central  location  on  the  bottom  of  the  retention  tank  and  then  pimiped  out  of  the 
bottom  of  the  retention  tank.  The  solids  make  up  "sludge"  which  is  disposed  as  a  liquid 
or  solid. 

A  surface  skimmer  removes  solids  which  are  less  dense  than  the  wastewater.  The 
wastewater,  once  clean  of  contaminants  which  are  either  more  or  less  dense  than  the 
water,  is  pumped  onward  to  another  treatment  process,  recycle  or  discharge. 


Equipment  Required: 


Removes: 


Large  retention  tank,  or  basin  -  may  be  conical  at  bottom. 
Surface  skimmer 
Bottom  rake  arm 
Pximps  and  catwalks 


Substances  that  contribute  to  BOD  and  CX3D,  TSS  (total  suspended 
solids),  ofl  and  grease 


Intermedia  Transfers: 

Contaminants  are  collected  as  sludge,  which  can  be  dewatered  or  dried  to  solid  form. 
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SEDIMENTATION  WITH  CHEMICAL  ADDITION 


Process  Description: 

This  process  is  essentially  the  same  process  as  sedimentation  with  the  exception  that  a 
chemical  flocculating  agent  is  added  to  the  wastewater  to  enhance  settling.  As  the 
wastewater  flows  into  the  retention  tank,  a  chemical,  usually  alum,  ferric  chloride 
and/or  a  polyelectrolyte  is  added  in  order  to  improve  the  settability  of  insoluble  solids. 
Where  sedimentation  is  being  xised  to  remove  soluble  metals,  hydroxide,  sulphide  or 
lime  is  used.  Usually  the  chemical  is  initially  in  solid  form  but  is  dissolved  before  it  is 
mixed  with  the  wastewater.  As  in  the  sedimentation  process,  the  settled  particles  are 
drawn  off  the  bottom  of  the  retention  tank  through  the  use  of  rake  arms.  Floating 
solids  are  removed  by  skimming  the  surface  with  large  paddles. 


Equipment  Required: 


Large  retention  tank 

Rake  arm 

Paddle  arm 

Flocculating  agent 

Agitator  or  mixer 

Dry  feeder  for  flocculating  agent 

Mixing  vessel  for  mixing  flocculating  agent  and  water 

Metering  pump   to   control   the   flow  of  flocculating  agent   into   the 

wastewater 

Pumps 


Removes: 


Clay  and  fine  suspended  solids  (TSS) 

Substances  which  contribute  to  BOD  and  COD 

Metals 

Oil  and  grease 

Phosphorus 


Intermedia  Transfers: 

Contaminants  are  concentrated  in  a  sludge,  which  can  be  disposed  in  solid  form  if 
dewatered. 
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STEAM  STRIPPING 


Process  Description: 

Steam  stripping  is  essentially  a  fractional  distillation  of  volatile  compounds  from  the 
wastewater  stream.  This  is  usually  a  continuous  process  by  which  preheated  wastewater 
enters  the  top  of  a  packed  tower  or  conventional  distillation  colimin.  The  wastewater 
flows  down  by  gravity  while  the  steam  and  any  entrained  vapours  flow  upward,  through 
the  coluimi  counter  current  to  the  wastewater.  The  wastewater  is  stripped  of  its 
volatiles  and  leaves  the  bottom  of  the  tower.  The  steam  that  has  bubbled  its  way  to 
the  top  of  the  tower  leaves  the  tower  with  a  high  concentration  of  volatile  material  and 
is  subsequently  condensed  to  liquid  form  in  a  condenser.  The  tower  is  usually 
composed  of  a  series  of  bubble  trays  or  sieve  trays.  Steam  stripping  is  used  to 
concentrate  and  recover  ammonia  from  high  strength  ammonia  wastes,  and  to  remove 
other  water  soluble  organics  from  wastewaters. 

Required  Equipment: 

Tray  tower 

Reboiler  I 

Reflux  condenser  ^ 

Feeder  tanks 

Pumps  I 

Heat  exchanger 

Volatile  organics 
Ammonia  gas 


Removes: 


Intermedia  Transfers: 


Ammonia  is  generally  recovered  and  reused. 
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APPENDIX  B 
Treatment  Technology  Costs 


This  appendix  presents  the  cost  information  provided  to  VHB  in  order  to  make 
economic  estimates.  Each  of  the  generic  technologies  is  costed  based  on  the 
engineering  assumptions  noted  in  the  following  pages.  Some  of  the  general 
assumptions  used  are  summarized  here. 

Costs  for  each  technology  are  estimated  at  a  given  flowrate  (e.g.  4,000  m^^/d), 
subsequent  to  which  an  exponential  function  is  applied  to  account  for  economies  of 
scale.  The  exponent  presented  has  been  developed  from  cost  curves  in  the  US  EPA 
Treatability  Manual,  Volume  IV  (July  1980)  or  was  derived  from  CH2M  HILL  in-house 
files,  if  adequate  data  were  available  on  systems  with  different  design  flow  rates. 

For  each  of  the  technologies  listed,  an  allowance  termed  'Engineering  and  Design"  has 
been  added  to  each  of  the  costs.  This  allowance  covers  engineering  and  construction 
fees  and  contingency,  equipment  procurement  and  any  other  costs  not  covered  under 
the  direct  capital  costs. 

The  costs  presented  include  all  taxes  applicable  in  1989.  They  do  not  include  the 
Federal  Goods  and  Services  Tax. 

Where  more  than  one  technology  is  installed  at  a  given  site,  it  should  be  assumed  that 
cost  savings  are  minimal  and  should  therefore  be  ignored  for  this  analysis.  The  actiial 
savings  would  be  those  of  mobilization  and  demobilization,  which  are  a  small 
percentage  of  total  costs. 

Factors  which  influence  costing  include: 

Soil  conditions 

Existing  plant  layout,  including  yard  piping 

Existing  treatment  systems  in  place,  to  which  new  system  must  connect 

Space  available,  and  the  requirement  to  purchase  new  land 

Location  of  site  (southern  Ontario,  or  remote  from  major  urban  centres) 

All  costs  presented  assume  average  conditions,  i.e.: 

•  Good  soil  conditions  (no  rock  blasting  or  special  structural  requirements) 
New  system  is  easily  integrated  into  existing  site 

•  Adequate  space  is  available  on  existing  property 

•  Site  is  not  remote 
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Installation  time  is  dependent  on  the  rated  capacity  of  the  system,  and  also  on  delivery 
times  for  equipment.  The  installation  times  shown  for  each  technology  are  for  a  system 
with  the  rated  capacity  for  which  the  cost  presented  was  developed. 

Operating  life  depends  on  the  type  of  contruction  used  (e.g.  concrete  vs  steel  tanks) 
and  also  on  how  well  mechnical  equipment  is  maintained.  Operating  lives  shown  for 
each  technology  are  based  on  the  expected  life  of  the  mechnical  equipment,  if  well 
maintained. 
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ACTIVATED  SLUDGE 


Engineering  Assumptions: 

Primary  clarifier  not  included. 

Conventional  activated  sludge  with  diffused  aeration,  25  to  100%  sludge 
recycle. 

Six  hour  retention  time. 

Circular  secondary  clarifier  with  surface  settling  rate  =  25  m^/m^.h. 

Sludge  thickened  in  primary  clarifier,  dewatered  and  disposed  with 
primary  sludge  in  municipal  landfill  ($60/t).   Note:  Cost  shown  is 
operating  cost  for  additional  sludge  from  activated  sludge  process  only. 

Sludge  wasting  rate  =  3  L  per  mVd  at  4%  solids. 

Installation  time  =  6  months. 

Operating  life  =  20  years. 


Costing  Assumptions: 

Cost  based  on  3,785  mVd  (1  U.S.mdg) 

Add  cost  of  primary  clarification  (sedimentation)  from  Page  B-22. 


Cost  Component 


Equipment  and  Installation 
Engineering  and  Design 

Total  Capital  Costs 

Labour 

Maintenance 

Chemicals 

Power 

Sludge  Disposal 

Total  Annual  Operating  Costs 


Cost  $1989 

$1,600,000(1) 
900.000(1) 

$2,540,000(3) 

15,000(1) 
30,000(1) 

20,000(1) 
$      60.000(1) 

$     125,000(1) 


Exponent 


0.5(2) 

0.5(2) 
0.5(2) 

1.0(1) 
1.0(1) 


TORROl/932.51 


References:  CH2M  HILL  confidential  in-house  client  files  (1) 

U.S.  EPA  1980  IV.4.1.1  (2) 
Environment  Canada,  1986  (3) 
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ACTIVATED  SLUDGE 
POWDERED  ACTIVATED  CARBON  ADDED 


Engineering  Assumptions: 

PAG  dosage  80  mg/1  (PAC  cost  $2,600/t). 

•  Carbon  disposal  with  sludge  -  cost  shown  for  additional  sludge  volume. 

•  Installation  time  =  6  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  design  flow  of  3,785  mVd  (1,000,000  U.S.  gpd) 

Cost  presented  is  for  PAC  system  implemented  to  existing  conventional  activated 
sludge  system.   (Add  separate  cost  information  from  Page  B-2) 


Cost  Component 


Equipment  and  Installation 
Engineering  and  Design 

Total  Capital  Costs 

Labour 
Maintenance 
Power 
Carbon 
Sludge  Disposal 

Total  Annual  Operating  Costs 


Cost  $1989 

$   400,000(1) 
200,000(1) 

$   600,000(1) 

7,000(1) 

8,000(1) 

2,000(1) 

300,000(1) 

$     50,000(1) 

$   367,000(1) 


Exponent 


0.3(2) 

0J(2) 
0.3(2) 
0.8(2) 
1.0(1) 
1.0(1) 


References: 


CH2M  HILL  confidential  in-house  client  files  (1) 
U.S.  EPA  1980  IV.5.2  (2) 
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AERATED  LAGOONS 

Engineering  Assumptions: 

Detention  time  =  3  days  (total  in  two  ponds). 

Final  polishing  pond  provided  for  settling;  1.5  day  retention  time. 

Polishing  pond  solids  removal  every  5  years. 

Settled  solids  produced  at  5  L  per  m^/d  at  4%  solids  are  dewatered  to 
25%  solids  and  disposed  in  municipal  landfill  (S60/t). 

Installation  time  =  6  months. 

Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  rate  of  3,785  m^/d  (1  US  mgd). 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $2,300,000(1) 

Engineering  and  Design  800.000(1) 

Total  Capital  Costs  $3,100,000(1)  0.5(2) 

Labour  30,000(1)  0.3(2) 

Maintenance  62,000(1)  0.5(2) 

Power  131,000(1)  0.8(2) 

Sludge  Disposal  $     33.000(1)  1.0(1) 

Total  Annual  Operating  Costs  $   256.000(1) 


References:  CH2M  HILL  confidential  in-house  client  files  (1) 

U.S.  EPA  1980  IV.4.3  (2) 
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AIR  STRIPPING 

Engineering  Assumptions: 

Stripping  of  15  mg/L  ammonia. 
Air  flow  rate  3,000  m^/m^  flow. 

•  Tower  height  of  6  m. 

•  Vented  to  atmosphere  (no  off-gas  treatment) 

•  Installation  time  =  6  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  design  flow  rate  of  3,785  mVd  (1  U.S.  mgd) 


Cost  Component 


Equipment  and  Installation 
Engineering  and  Design 

Total  Capital  Costs 

Labour 
Maintenance 
Chemicals 
Power 

Total  Annual  Operating  Costs 


Cost  $1989 

$2,600,000(1) 
1,400,000(1) 

$4,000,000(1) 

30,000(1) 

50,000(1) 

50,000(1) 

$    100.000(1) 

$   230.000(1) 


Exponent 

0-5(2) 

0.6(1) 

03(2) 
0.5(2) 
1.0(1) 
0.8(2) 


References: 


CH2M  HILL  confidential  in-house  clients  files  (1) 
U.S.  EPA  1980  IV.5.4  (2) 
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CHEMICAL  OXIDATION 

Engineering  Assumptions: 

•  Cyanide  concentration  in  wastes  =  300  mg/L. 

•  Sodium  hydroxide  and  chlorine  treatment  (alkaline  chlorination) 

•  Heavy  metal  treatment  not  included. 

•  Installation  time  =  4-6  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  design  flow  rate  of  220  mVd  (40  US  gpm). 


Cost  Component 

$ 

Cost  $1989 

Equipment  and  Installation       • 
Engineering  and  Design 

100,000(1) 
40,000(1) 

Total  Capital  Costs 

$ 

140,000(1) 

Maintenance 
Labour 
Chemicals 
Power 

$_ 

5,000(1) 
15,000(1) 
25,000(1) 

5.000(1) 

Total  Annual  Operating  Costs 

$ 

50,000(1) 

Exponent 


0.7(3) 

0.7(2) 
0.3(2) 
1.0(1) 
1.0(1) 


References: 


CH2M  HILL  confidential  in-house  client  files  (1) 
U.S.  EPA  IV.5.3  (2) 
Patterson,  1985  (3) 
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CHEMICAL  REDUCnON 

Engineering  Assumptions: 

•  Sulphur  dioxide  used  as  reducing  agent  for  Cr^"^, 

•  pH  adjustment  to  2.5  with  sulphuric  acid 

•  Lime  precipitation  of  chromium  (Cr^"^)  not  included  in  costs. 

•  20  minutes  detention  time. 

Initial  Cr^"^  concentration  is  120  mg/L. 

•  Installation  time  =  4-6  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  rate  of  220  m^/d  (40  U.S.  gpm) 

For  removal  of  trivalent  chrome,  cost  of  sedimentation  with  lime  addition  (Page  B-19) 
should  be  added  to  above  cost. 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $     60,000(1) 

Engineering  and  Design  20.000(1) 

Total  Capital  Costs  $    80,000(1)  0.6(1) 

Labour  15,000(1)  0.3(2) 

Maintenance  2,000(1)  0.6(2) 

Power  2,000(1)  1.0(1) 

Chemicals  $     50.000(1)  1.0(1) 

Total  Annual  Operating  Costs  $     69,000(1) 

References:  .  CH2M  HILL  confidential  in-house  client  files  (1) 

Patterson,  1985  (2) 
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COOLING  TOWER 


Engineering  Assumptions: 

•  Cooling  tower  installed  to  aUow  recycle  of  "once-through"  cooling  water 
to  minimize  discharges. 

•  Installation  time  =  6  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  1,650  m^/d  (300  U.S.  gpm) 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $     50,000(1) 

Engineering  and  Design  20,000(1) 

Total  Capital  Costs  $    70,000(1)  0.6(1) 

Total  Annual  Operating  Costs  $   200,000(1)  0.6(1) 

References:  CH2M  HILL  confidential  in-house  client  files  (1) 
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DENITRinCATION 

Engineering  Assumptions: 

1,800  mg/L  NO3-N  concentration. 

13  kg  methanol  required  per  kg  nitrate  removed. 

2  hour  hydraulic  retention  time. 

Clarifier  overflow  rate  1.0  m^/m^h. 

Methanol  storage  for  20  day  supply, 

25  to  100%  sludge  recycle. 

Sludge  dewatering  to  25%  and  disposal  at  municipal  landfill  site  (@ 
$60/t). 

Installation  time  =  6  months. 

Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  rate  of  1,000  mVd. 

Cost  Component Cost  $1989 

Equipment  and  Installation  $   900,000(1) 

Engineering  and  Design  500.000(1) 

Total  Capital  Costs  $1,400,000(1) 

[fbo"r  10,000(1)  0J(1) 

Mamtenance  20,000(1)  0.5(1) 

r?"^!'  10,000(1)  1.0(1) 

^^^h^"°'  40,000(1)  10(1 

Sludge  Disposal  $     15,000(1)  1.0(1) 

Total  Annual  Operating  Costs  $     69,000(1) 


Exponent 


0.5(1) 


TORROl/932^1 


B-11 


References:  U^.  EPA  1980  IVJ.6  (1) 
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DISSOLVED  Am  FLOTATION 

Engineering  Assumptions: 

Surface  hydraulic  loading  rate  =  10^/m^.h. 

Recycle  @  33%. 

Float  detention  time  =  25  min. 

Air  to  solids  ratio  0.03  kg/kg. 

Sludge  production  =  5  L  per  mVd. 

Sludge  concentration  =  4%. 

Sludge  dewatering  to  25%  concentration  and  disposal  in  municipal 
landfill  (@  $60/t). 

Installation  time  =  6  months. 

Operating  life  =  15-20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  380  m^/d  (100,000  U.S.  gpd) 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $   350,000(1) 

Engineering  and  Design  190,000(1) 

Total  Capital  Costs  $   540,000(1)  0.4(2) 

Labour  16,000(1)  0.3(2) 

Maintenance  7,000(1)  0.4(2) 

Chemicals  5.000(1)  1.0(1) 

Power  5,000(1)  0.8(2) 

Sludge  Disposal  $      21000(1)  1.0(1) 

Total  Annual  Operating  Costs  $      55,000(1) 
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References:  CH2M  HILL  confidential  in-house  client  files  (1) 

U.S.  EPA  1980  IV.3.4  (2) 
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GRANULAR  ACTIVATED  CARBON  ADSORPTION 

Engineering  Assumptions: 

30  minute  contact  time. 

12  m-'/m^ii  loading,  1.5  m  bed  depth. 

Backwash  with  air  scour. 

Carbon  regeneration  or  disposal  off-site  by  supplier.   Carbon  replaced  4 
times  per  year  (@  $l,900/m2). 

Installation  time  =  6  months. 

Operating  life  =  15-20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  3,785  m^/d  (1  U.S.  mgd) 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $2^00,000(1) 

Engineering  and  Design  800,000(1) 

Total  Capital  Costs  $3,300,000(1)  0.6(1) 

Labour  15,000(1)  0.6(2) 

Maintenance  530,000(1)  0.6(2) 

Power  5,000(1)  1.0(1) 

Carbon  $     150,000(1)  1.0(1) 

Total  Annual  Operating  Costs  $   220,000(1) 

References:  CH2M  HILL  confidential  in-house  client  files  (1) 

U.S.  EPA  1980  IVJ.l.  (2) 


B-15 

TORR01/932J1 


GRANULAR  MEDIA  FILTRATION 

Engineering  Assumptions: 

•  Filtration  rate  =  10  mVm^h. 

•  Bed  depth  =  0.75  -  1.25  m. 

•  Includes  two  gravity  flow,  dual  media  filters  with  automatic  backwash, 
air  scour. 

•  Backwash  water  returned  to  upstream  clarifier/lagoon;  costs  estimated 
at  5%  of  clarifier  operating  costs. 

•  Installation  time  =  6  months. 

•  Operating  life  =  15-20  years. 

Gjsting  Assumptions: 

Cost  based  on  a  design  flow  of  380  m^/d  (100,000  U.S.  gpd) 


Cost  Component 

Cost  $1989 

Equipment  and  Installation 
Engineering  and  Design 

$1,300,000(2) 
700,000(2) 

Total  Capital  Costs 

$2,000,000(2) 

Labour 

Maintenance 

Chemicals 

16,000(2) 
26,000(2) 

Power 

Sludge  Disposal 

Backwash  Water  Treatment 

5,000(2) 
$     10,000(2) 

Total  Annual  Operating  Costs 

$     57,000(2) 

Exponent 


0.65(2) 

0.3(2) 
0.4(2) 

0.8(2) 

1.0(1) 


References:  CH2M  HILL  confidential  in-house  client  files  (1) 

Environment  Canada,  1986  (2) 
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GRAVITY  OIL  SEPARATION 


Engineering  Assumptions: 

Overflow  rate  =  1.4  m^/m^.h. 

Oil  collected  and  recovered  (no  disposal  cost). 

Settled  solids  produced  @  5  L  per  mVd  @  4%  solids  are  dewatered  to 
25%  solids  and  disposed  at  hazardous  waste  site  @  $500/tonne. 

Installation  time  =  4-6  months. 

Operating  life  =  20  years. 


Costing  Assumptions: 

Cost  based  on  a  design  flow  of  3,785  mVd  (1  U.S.  mgd). 


Cost  Component 


Equipment  and  Installation 
Engineering  and  Design 

Total  Capital  Costs 

Labour 

Maintenance 

Chemicals 

Power 

Sludge  Disposal 

Total  Annual  Operating  Costs 


Cost  $1989 

$   400,000(1) 
220,000(1) 

$   620,000(1) 

7,000(1) 
8,000(1) 

2,000(1) 

$   550,000(1) 

$   567,000(1) 


Exponent 


0_5(2) 

0.6(2) 
0J(2) 

0.7(2) 


References 


CH2M  HILL  confidential  in-house  client  files  (1) 
U.S.  EPA  1980  IV.3.1  (2) 
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ION  EXCHANGE 

Engineering  Assumptions: 

•  Two-stage  ion  exchange  units  treating  water  containing  total  dissolved 
solids  <  3,000  mg/L. 

•  Wastes  considered  hazardous  and  hauled  to  secure  landfill  (@  $300/45 
gal  drum). 

•  Installation  time  =  6  months. 

•  Operating  life  =  15-20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  1,000  m^d. 


Cost  Component 

Cost  $1989 

Equipment  and  Installation 
Engineering  and  Design 

$  600,000(1) 
200,000(1) 

Total  Capital  Costs 

$  800,000(1) 

Labour 
Maintenance 
Power 
Chemicals 
Waste  Disposal 

35,000(1) 

10,000(1) 

5,000(1) 

60,000(1) 

$    50,000(1) 

Total  Annual  Operating  Costs 

$    160,000(1) 

Exponent 


0.7(2) 

03(2) 
0.7(2) 
1.0(1) 
1.0(1) 
1.0(1) 


References: 


CH2M  HILL  confidential  in-house  client  files  (1) 
U.S.  EPA  1980  IV.5.7  (2) 
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NEUTRALIZATION 

Engineering  Assumptions: 

Continuous,  single  stage  neutralization  system. 

Lime  treatment  of  acidic  wastes  with  1,000  mg/L  acidity. 

Cost  of  dewatering  and  sludge  disposal  included. 

Sludge  cake  produced  is  40%  and  sludge  disposal  hazardous  waste  (at 

$600/tonne). 

Installation  time  =  4  months. 
Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  500  m^/d  (132,000  U.S.  gpd) 

Exponent 


Cost  Component 

Cost  $1989 

Capital  and  Installation 
Engineering  and  Design 

$   200,000(1) 
100,000(1) 

Total  Capital  Costs 

$   300,000(1) 

Labour 
Maintenance 
Power 
Chemical 
Sludge  Disposal 

9,000(1) 
5,000(1) 

5,000(1) 

50,000(1) 

$   500,000(1) 

Total  Aimual  Operating  Costs 

$   570,000(1) 

0.6(1) 

03(2) 
0.6(2) 
1.0(1) 
0.8(2) 
1.0(1) 


References:  CH2M  HILL  confidential  in-house  client  files  (1) 

Patterson  1985  (2) 
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NITRIFICATION  -  NEW  INSTALLATION 

Engineering  Assumptions: 

•  Suspended  growth,  plug-flow  reactor  with  sludge  return. 

•  Diffused  air  system. 

•  Qarifier  with  overflow  rate  1.0  m^/m^.h. 
Nitrogen  loading  =  1,900  mg/L  NH3-N. 

•  Waste  sludge  dewatered  and  disposed  in  municipal  landfill  (@  $60/t). 

•  Installation  time  =  6  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  1,000  m^/d. 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $   900,000(1) 

Engineering  and  Design  500,000(1) 

Total  Capital  Costs  $1,400,000(1)  0J(2) 

Labour  10,000(1)  0.5(2) 

Maintenance  20,000(1)  0J(2) 

Power  6,000(1)  1.0(1) 

Sludge  Disposal  $     15,000(1)  1.0(1) 

Total  Annual  Operating  Costs  $    51,000(1) 


References:  CH2M  HILL  confidential  in-house  clients  files  (1) 

U.S.  EPA  1980  IV.5.5  (2) 
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NITRIFICATION  -  UPGRADING  ACTIVATED  SLUDGE  SYSTEM 

Engineering  Assumptions: 

•  Existing  activated  sludge  system  requires  only  additional  aeration 
equipment  to  achieve  nitrification. 

•  Installation  time  =  4  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  3,785  mVday 

Capital  and  operating  costs  of  an  activated  sludge  system  (from  Page  B-2)  must  be 
added  to  nitrification  cost,  if  an  activated  sludge  (biological  treatment)  system  is  not 
already  in-place. 

Cost  Component Cost  $1989  Exponent 


Equipment  and  Installation 
Engineering  and  Design 

$   300,000(1) 
105,000(1) 

Total  Capital  Costs 

$   405,000(1) 

Maintenance 
Power 

6,000(1) 
$      4,000(1) 

0J(1) 

0J(1) 
1.0(1) 

Total  Annual  Operating  Costs  $     10,000(1) 

References:  CH2M  HILL  confidential  in-house  client  files  (1) 
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SEDIMENTATION  (PRIMARY  CLARIFICATION) 

Engineering  Assumptions: 

Circular  clarifier. 

Sludge  production  5  L  per  mVd. 

Sludge  concentration  =  4%. 

Sludge  dewatering  to  25%  concentration  and  disposal  in  municipal 
landfiU  (@  $60/t). 

Installation  time  =  8  months. 

Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  3,785  mVd  (1  U.S.  mgd) 

Cost  Component Cost  $1989  Exponent 

Equipment  and  Installation  $  520,000(1) 

Engineering  and  Design  180,000(1) 

Total  Capital  Costs  $   700,000(1)  0.5(1) 

Labour  30,000(1)  0.6(1) 

Maintenance  10,000(1)  0.5(1) 

Power  5,000(1)  1.0(1) 

Chemicals  10,000(1)  0.6(1) 

Sludge  Disposal  $     70,000(1)  1.0(1) 

Total  Annual  Operating  Costs  $    125,000(1) 

References:  CH2M  HILL  confidential  in-house  cUent  files  (1) 
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SEDIMENTATION  WITH  LIME  ADDITION 

Engineering  Assumptions: 

Circular  clarifier. 

Surface  loading  rate  =  1.7  L/m^h. 

Sludge  production  =  8  L  per  m^'/d. 

Sludge  concentration  =  4%. 

Sludge  dewatering  to  25%  concentration  and  hazardous  waste  disposal 
(@  $500/t). 

Installation  time  =  8  months. 

Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  3,785  m^/d  (1  VS.  mgd). 


Cost  Component Cost  $1989                             Exponent 

Equipment  and  Installation  $   700,000(1) 

Engineering  and  Design  250,000(1) 

Total  Capital  Costs  $  950,000(1)  0.5(2) 

Labour  30,000(1)  0.6(2) 

Maintenance  20,000(1)  0J(2) 

Power  6,000(1)  1.0(1) 

Chemicals  35,000(1)  0.6(2) 

Waste  Disposal  $    900,000(1)  1.0(1) 

Total  Annual  Operating  Costs  $     991,000(1) 


References:  CH2M  HILL  confidential  in-house  client  files  (1) 

U.S.  EPA  1990  IV.3.3.3  (2) 
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STEAM  STRIPPING 

Engineering  Assumptions: 

•  "Wastewater  contains  5  percent  NH4  (ammonia)  by  weight 

•  Installation  time  =  8  months. 

•  Operating  life  =  20  years. 

Costing  Assumptions: 

Cost  based  on  a  design  flow  of  1,000  m^/d 


Cost  Component 


Equipment  and  Installation 
Engineering  and  Design 

Total  Capital  Costs 

Labour 
Maintenance 
Steam 

Cooling  Water 
Power 

Total  Aimual  Operating  Costs 


Cost  $1989 

$  3,600,000(1) 
1,900,000(1) 

$  5,500,000(1) 

65,000(1) 

70,000(1) 

1,300,000(1) 

50,000(1) 

$      10,000(1) 

$  1,490,000(1) 


Exponent 


0.7(2) 

0J(2) 
0.7(2) 
1.0(1) 
1.0(1) 
1.0(1) 


References: 


CH2M  HILL  confidential  in-house  client  files  (1) 
U.S  EPA  1980  IV.4.5  (2) 
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APPENDIX  C 
Modelling  Assumptions  and  Methodology 
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Modelling  Assumptions  and 
Methodology 


C.I    Introduction 

Estimation  of  the  four  abatement  strategies  outiined  in  the  first  chapter  of  this  repon  is  based 
on  the  estimated  treatment  plan  costs  and  the  annual  contaminant  loading  data  per  source. 
These  estimates  are  calculated  in  Lotus  1-2-3.   The  method  for  estimating  abatement  strategy 
costs  is  outiined  in  Figure  C-1.   Abatement  technology  costs  arc  estimated  from  the 
technology  cost  data  presented  in  Appendix  A.   Table  C-1  summarizes  tiie  abatement 
technology  cost  data  and  scaling  exponents.   Specific  plant,  and  representative  plant, 
contaminant  concentration  and  loading  data  were  obtained  from  the  best  available  source  at 
the  time  of  tiiis  repon,  as  noted  in  the  body  of  the  repon. 

Appendix  C  is  organized  in  three  pans:  Section  C.2  explains  the  methodology  used  to 
estimate  the  costs  of  trcamient  plans;  Section  C.3  describes  the  calculation  for  estimating 
contaminant  concentration  loading  and  reduction;  and  Section  C.4  provides  an  overview  of  the 
estimation  methodology  for  tiie  four  abatement  strategies. 

C.2    Cost  Estimates 

The  abatement  technology  cost  estimates  are  calculated  based  on  the  costs  of  tiie  19  treatment 
technologjies  outiined  in  Table  C.l.   Costs  are  estimated  in  $1989.   The  cost  of  land  is  not 
mcluded  in  the  estimation  due  to  its  variability.  The  treatment  technology  costs  in  Table  C.l 
arc  adjusted  for  specific  sources  or  arc  generalized  for  rcprcsentarive  sources  in  the  nine 
sectors  examined  based  on  a  ratio  of  wastewater  flows  and  the  application  of  exponents  to 
account  for  cost  economies  of  scale. 

The  scaling  exponent  is  applied  to  the  ratio  of  the  specific  plant  wastewater  flow  over  tiie 
treatment  technology  wastewater  flow.   The  scaling  exponents  used  in  tiie  study  are  base  on 
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Figure  C-1  Methodology  for  Estimating  Abatement  Strategies 
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cost  curves  found  in  the  U.S.  EPA  Treatability  Manual  (1980)  and  are  found  in  Table  C.l. 
The  exponents  are  used  on  total  capital  costs  and  the  annual  operating  costs.   The  method  for 
estimating  the  cost  of  an  abatement  technology  for  a  specific  plant  is  outlined  in  Figure  C.2. 


C.2.1    Abatement  Technology  Cost  Estimates 

Abatement  technology  costing  adjustments  are  made  based  on  wastewater  flow.  The 
calculation  is  as  follows. 


n 


where,  g  =  treatment  technology  cost, 

m  =  a  plant  specific  wastewater  flow, 

n  =  the  treatment  technology  wastewater  flow,  and 

e  =  scaling  exponent 

The  cost  adjustment  calculation  is  made  on  the  component  annual  operating  costs. 


Backwash  water  treatment 

Chemicals 

Methanol 

CooUng  water 

Steam 


Labour 

Maintenance 

Power 

Carbon  purchase 

Sludge/waste  disposal 

Total  capital  costs  for  a  specific  plant  are  also  adjusted. 

An  example  is  used  to  illustrate  the  cost  calculating  methodology.  The  abatement  technology 
costs  for  a  plant  with  similar,  operating  characteristics,  wastewater  flow  and  contaminant 
loadings  as  Suncor  in  the  petroleum  refining  sector  is  calculated  below. 
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Figure  C-2  Calculation  of  Abatement  Technology  Costs 
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Note:  Generic  abatement  technology  costs  and  scaling 
exponents  are  from  Table  C-1.  Wastewater  flow  per  day  data 
is  obtained  from  moniioring  data  or  in-housc  project  files. 
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Three  abatement  technologies  are  considered  appropriate  for  Suncor: 

•  granular  media  filtration; 

•  granular  activated  carbon  adsorption;  and 

•  powder  activated  carbon  adsorption. 

The  estimated  cost  of  granular  activated  carbon  adsorption  (GACA)  technology  for  a  specific 
plant  similar  to  Suncor  illustrates  the  cost  estimation  process  and  is  shown  in  Table  C.2. 


Table  C-2       Example  of  the  Calculation  Procedure  for  Estimating  Specific  Plant 
Costs  •  Granular  Activated  Carbon  Adsorption 


Step 

Calculation 

Calculation  of  Wastewater  Flow  Ratio 

Treatment  Technology  Wastewater  Flow 
(M3/day)  -  Table  C.l 

3,785 

Specific  Plant  Wastewater  Flow 
(M3/day)  -  Table  C.3 

8.933 

Wastewater  Ratio  of  Specific  Plant 
Wastewater  Flow  over  Treatment 
Technology  Wastewater  Flow  (M3/day) 

2.360 

Calculation  of  Specific  Plant  Total  Capital  Costs 

GACA  Equipment  and 
Installation  Costs,  plus 

$2,500,000 

GACA  Engineering  and  Design 
Costs,  equals 

$800,000 

GACA  Total  Capital  Cost  -  Table  C.l 

$3,300,000 
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GACA  Scaling  Exponent  for  Total 
Capital  Cost    -  Table  C.l 

0.60 

Scaled  Wastewater.   Wastewater  ratio  to 
the  power  of  the  GACA  scaling 
exponent  for  total  capital  costs. 

1.674 

Estimated  capital  cost  for  a  plant  similar 
to  Suncor  equals  the  scaled  wastewater 
ratio  multiplied  by  GACA  total  capital 
cost. 

$5,524,243* 

Calculation  of  Annual  Operating  Costs 

GACA  Annual  Operating  Costs  -  Table  C.l 

Labour 

$15,000 

Maintenance 

$50,000 

Power 

$5,000 

Carbon  Purchase 

$150,000 

GACA  Scaling  Exponents  for  the  Annual  Operating 
Costs  -  Table  CI 

Labour 

0.60 

Maintenance 

0.60 

Power 

1.00 

Carbon  Purchase 

1.00 

Scaled  Wastewater  Ratio  to  the  power  of  the  GACA 
Scaling  Exponent  for  Annual  Operating  Costs 

Labour 

1.674 

Maintenance 

1.674 

Power 

2.360 

Carbon  Purchase 

2.360 
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Estimated  Annual  Operating  Costs.  Scaled 
wastewater  ratio  multiplied  by  GACA  annual 
operating  costs. 

Labour 

$25,110 

Maintenance 

$83,701 

Power 

$11,801 

Carbon  Purchase 

$354,016 

Estimated  Total  Annual  Operating 
Cost  for  GACA  in  a  Plant  Similar  to 
Suncor 

$474,628* 

Source:  Table  C-1  and  Table  A. 

Note:    Cost  estimates  may  differ  from  those  reported  in  Table  A 
at  the  end  of  Appendix  C  due  to  rounding. 


The  cost  estimates  for  the  plant  of  all  three  abatement  technologies,  using  the  above 
methodology  are  summarized  below: 


Technology  Cost  Estimates  for  a  Plant  with  a  Wastewater  Flow  of  8,933  MVday 

Abatement  Technology 

Total  Capital  Cost 
(1989$) 

Annual  Operating  Costs 

(1989$) 

Granular  Activated  Carbon 
Adsorption 

$5,524,367 

$474,628 

Powder  Activated  Carbon 
Adsorption 

$776,311 

$851,148 

Granular  Media  Filtration 

$15,571,464 

$430,786 

Source:  Table  A. 

Note:    Granular  activated  carbon  was  calculated  in  Table  C.2. 
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C.2.2   Treatment  Plan  Cost  Estimates 

Treatment  plans  are  combinations  of  abatement  technologies  applied  to  specific  plants.   For  a 
plant  similar  to  Suncor  two  treatment  plans  were  examined: 

•  Granular  media  filtration  plus  granular  activated  carbon  adsorption;  and 

•  Granular  media  filtration  plus  powder  activated  carbon  adsorption. 

Treatment  plan  costs  are  assumed  to  be  additive.  That  is,  total  capital  cost  and  total  annual 
operating  costs  of  a  treatment  plan  equals  the  summation  of  the  respective  costs  for  each 
abatement  technology  included  in  the  treatment  plan.   The  treatment  plan  cost  of  granular 
media  filtration  plus  granular  activated  carbon  adsorption  equals: 


Total  Capital  Cost* 

(1989$) 

Annual  Operating  Cost* 

(1989$) 

Granular  Media  Filtration 

$15,571,464 

$430,786 

Granular  Activated  Carbon 
Adsorption 

$5,524,367 

$474,628 

Estimated  Treatment  Plan 
Cost 

$21,095,831 

$905,414 

Source:  Table  C-2  and  Table  A. 

Note:    Cost  estimates  may  differ  from  those  reponed  in  Table  A  at  the  end  of 
Appendix  C  due  to  rounding. 


The  estimated  cost  of  granular  media  filtration  plus  powder  activated  carbon  adsorption 
equals:  total  capital  cost,  $16,347,775;  and  annual  operating  cost,  $1,281,934. 
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C.3    Annual  Contaminant  Loading  and  Reduction  by  Source 

The  concentration  data  available  for  each  sector  are  presented  in  the  body  of  the  repon 
iabie  C.3  presents  the  concentration  data  for  the  petroleum  refining  sector    Table  C4 
presents  the  contaminant  removal  efficiency  data  for  the  petroleum  refining  sector    The 
ranges  of  removal  efficiency  by  sector  and  abatement  technology  found  in  the  literature  are 
presented  in  the  body  of  the  report  by  industrial  sector.   The  mid-point  of  the  range  is  used  in 
the  model.  ^ 

Figure  C.3  shows  the  methodology  used  to  calculate  contaminant  loading,  treatment  plan 
removal  efficiencies  and  estimated  contaminant  loading  removed  by  a  treatment  plan 

C.3.1    Calculation  of  Contaminant  Loading 

Contaminant  loading  for  a  specific  plant  is  calculated  in  three  steps: 

present  contaminant  concentration  is  compared  to  a  contaminant  concentration 
threshold; 

a  weighting  system  is  applied  to  the  contaminant(s);  and 

contaminant  concentrations  are  convened  to  annual  contaminant  loadings. 

Contaminant  Concentration  Thresholds 

Data  on  the  achievable  effluent  concentration  by  contaminant  for  each  abatement  technology 

tTe'T..^'     "îl-        ""'     ^^^u'"  ^PP'"'^"  ^-   "^^  ^<^^^^-^^^^  effluent  concentration  refers  to 
ti^e  technical  limitations  of  the  technology  to  remove  a  contaminant  from  a  wastestream    TTie 
achievable  effluent  concentration  was  used  as  a  proxy  of  die  contaminant  concentration 
requu-ed,  or  threshold,  in  a  waste  stream  for  an  abatement  technology  to  effectively  remove  a 
contaminant.   If  die  wastestream  contaminant  concentration  from  a  specific  plant  is  below  the 
tiireshold  the  technology  is  assumed  ineffective  in  reducing  the  contaminant  concentration 
turther.   Table  C.5  lists  the  contaminant  concentration  thresholds  used  in  die  model  by 
abatement  technology.   Blank  spaces  in  Table  C.5  indicate  that  no  data  are  available  for 
contaminant  concentration  thresholds  and  that  the  threshold  is  assumed  to  equal  zero 
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Figure  C.3    Method  Used  for  Calculating  Contaminant  leading 
and  Contaminant  Loading  Reductions 
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Appendix  C 

The  contaminant  concentration  threshold  is  compared  to  the  actual  contaminant  concentration 
in  a  wastestream  for  the  first  technology  included  in  a  treatment  plan  used  in  the  analysis  of 
the  abatement  strategies.   If  the  actual  effluent  concentration  is  below  the  contaminant 
concentration  threshold  of  the  first  technology  included  in  the  treatment  plan,  the  plan  is 
excluded  from  further  analysis  of  abatement  strategies.   For  example,  from  Table  B,  at  the 
end  of  Appendix  C,  the  contaminant  concentration  of  phenols  for  a  plant  similar  to  Suncor  in 
the  petroleum  refining  sector  is  estimated  at  0.0095  mg/1  of  wastewater.   The  first  technology 
in  both  treatment  plans  for  the  plant  is  granular  media  filtration  of  which  no  concentrarion 
threshold  is  known;  the  concentration  threshold  is  assumed  to  equal  zero. 

Phenols  concentration  threshold  for  granular  media  filtration  =  0.0  mg/1 

Phenols  concentration  in  Suncor  wastewater  stream  =  0.0095  mg/1 

Since  0.0095  mg/1  >  0.0  mg/1  both  treatment  plans  for  Suncor  are  included  in  the  analysis  of 
the  abatement  strategies. 

In  cases  where  a  range  of  achievable  effluent  concentrations  for  an  abatement  technology  is 
found,  the  midpoint  is  chosen  as  the  contaminant  concentration  threshold  level  in  the  model. 


Weighting  System  for  Contaminants 

Many  of  the  abatement  technologies  included  in  the  report  reduce  the  discharges  of  more  than 
one  contaminant.   In  order  to  estimate  abatement  cost  functions  under  these  circumstances  it 
is  necessary  to  add  the  quantities  of  different  contaminants  together  in  some  manner.   For  this 
purpose  a  weighting  system  which  can  account  for  a  number  of  contaminants  and  reflect  the 
environmental  significance  of  different  contaminants  was  developed  and  incorporated  into  the 
model. 

Three  options  for  weighting  contaminants  were  developed. 

1)  Equal  Weighting:  For  the  calculation  of  the  costs,  a  unit  reduction  in  each 

pollutant  is  valued  equally  (the  weight  for  each 
contaminant  equals  1).   That  is,  the  amount  of  two  or 
more  different  contaminants  removed  is  valued  equally. 

2)  Normalized  Weighting:  For  normalized  weights,  a  weight  is  assigned  to  each 

contaminant  (0  or  greater).   The  normalized  weighted 
value  for  a  contaminant  equals  the  assigned  weight  for 
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3)  Non-normalized  Weighting: 


the  contaminant  divided  by  the  average  assigned  weight 
for  all  contaniinants.   The  average  of  the  normalized 
weighted  value  for  all  contaminants  is  equal  to  1. 

For  non-normalized  weights,  a  weight  (0  or  greater)  is 
assigned  to  each  contaminant.   The  weight  assigned  to 
the  contaminant  equals  the  weighted  value  for  the 
contaminant. 


The  loading  for  the  contaminant  is  then  multiplied  by  its  weight  and  the  cost  is  determined 
based  on  the  sum  of  the  weighted  contaminant  loading  for  all  contaminants.   For  example,  if 
only  two  contaminants,  lead  and  phenols  are  included  in  the  analysis  the  weighting  system  is 
as  follows: 


Equal  Weighting:  Each  contaminant  is  assigned  a  weight  of  one.  Total  loadings 

equals  the  sum  of  the  contaminant  loading  from  lead  and 
phenols. 

Normalized  Weighting:  If  lead  is  assigned  a  weight  of  2  and  phenols  assigned  a  weight 

of  3,  the  normalized  weight  for  lead  equals  0.8  (2  divided  by  the 
weighted  average,  2.5),  and  the  normalized  weight  for  phenols 
equals  1.2  (3  divided  by  2.5).   The  average  of  the  normalized 
weighted  values  equals  1  (2  divided  by  2).  Total  loadings  equals 
the  sum  of  the  contaminant  loading  from  lead  multiplied  by  0.8 
plus  the  contaminant  loading  from  phenols  multiplied  by  1.2. 

Non-normalized  Weighting:    If  lead  is  assigned  a  weight  of  2  and  phenols  assigned  a  weight 
of  3,  the  non-normalized  weight  for  lead  equals  2  and  the  non- 
normalized  weight  for  phenols  equals  3.  Total  loadings  equals 
the  contaminant  loading  from  lead  multiplied  by  2  plus  the 
contaminant  loading  from  phenols  multiplied  by  3. 

The  unit  cost  of  an  abatement  technology  equals  the  abatement  technology  cost  divided  by  the 
sum  of  the  contaminant  loadings  calculated  using  the  weighting  system.   Contaminants 
assigned  a  weight  of  zero  are  not  included  in  the  analysis  of  abatement  technology  costs. 


Final  Report  -  20  January  1991 


C-17 


Appendix  C 

For  example,  the  contaminant  phenols  is  included  in  the  analysis  of  Suncor  through  the  non- 
normalized  weighting  system:  phenols  is  given  a  weight  of  1  while  all  other  contaminants  are 
given  a  weight  of  zero. 

The  objective  of  the  weighting  system  is  to  allow  for  the  same  cost  algorithm  used  in  the 
model  to  estimate  abatement  costs  for  more  than  one  contaminant  while  taking  into  account 
the  different  toxicity  of  contaminants. 


Annual  Contaminant  Loading 

Annual  contaminant  loading  in  kilograms  is  calculation  using  the  following  equation: 

(  a  X  b  )  X  c 
1.000 


where,  a  =  wastewater  flow  (MVday), 

b  =  day  of  plant  operation  per  year  and 
c  =  contaminant  concentration  (mg/1). 


For  example,  the  estimation  of  annual  contaminant  loading  of  phenol  in  the  wastewater  from 
a  plant  similar  to  Suncor: 


Step 

Result 

Wastewater  Row   (MVday) 

8,933 

Annual  Days  of  Operation 

365 

Annual  Wastewater  Flow  (MVannum) 

3,260,545 

Phenol  Contaminant  Concentration  (mg/1) 

0.0095 

Total  annual  loadings  of  phenols  (mg/annum) 

31,099 

Total  annual  loadings  of  phenols  (kg/annum) 

31.1 

Source:  Table  A,  lable  B  and  lable  C-3. 
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C.3.2   Removal  of  Contaminant  Loadings 

The  removal  of  contaminant  loadings  is  calculated  on  an  annual  basis  by  multiplying  the 
esumated  annual  loading  of  a  contaminant  by  the  estimated  treatment  plan  removal  efficiency 
for  a  contaminant.  •' 

Contaminant  Removal  Efficiency 

The  contaminant  removal  efficiency  for  a  treatment  plan  is  calculated  assuming  that  the 
abatement  technologies  are  complimentary.  The  calculation  of  the  per  cent  reduction  in 
loading  from  a  treatment  plan  is, 

a  +  b  \  (I  -  a)  +  c  \  (I  -  a)  \  il  -  b), 

where  a,bandc  are  contaminant  removal  efficiencies  for  different  but  complimentary 
abatement  technologies.  r  j 

For  example,  the  removal  efficiency  of  the  two  treamient  plans  for  a  plant  similar  to  Suncor 
m  the  petroleum  refining  sector  found  in  Table  C.4  are  calculated  as  foUows: 

Granular  Media  Filtration  and  Granular  Activated  Carbon  Adsorption 

a  =  0.04 
b  =  0.75 

0.04  +  0.75  X  (1  -  0.04) 
or      0.04  +  0.72 
equals  0.76 

An  estimated  76  per  cent  of  the  phenols  loadings  wUl  be  removed  from  the  wastewater  flow. 
Granular  Media  Filtration  and  Powder  Activated  Carbon  Adsorption 

a  =  0.04 
b  =  0.91 

0.04  +  0.91  X  (1  -  0.04) 
or     0.04  +  0.87 
equals  0.91 


An  estimated  91  per  cent  of  the  phenols  loadings  will  be  femoved  from  the  waste  flow. 
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Estimated  Reduction  in  Contaminant  Loading 

The  estimation  of  the  reduction  in  contaminant  loading  is  equal  to  the  removal  efficiency  of  a 
treatment  plan  for  the  contaminant  multiplied  by,  the  annual  loading  of  the  contaminant. 

For  example,  the  estimated  reduction  in  contaminant  loading  by  treatment  plan  for  a  plant 
similar  to  Suncor  is  as  follows: 


Step 

Result 

Annual  loading  of  phenols 

31.10  kg 

Removal  efficiency  of  a  treatment  plan 
including  granular  media  filtration  and 
granular  activated  carbon  adsorption 

76% 

Estimated  annual  reduction  in  phenols  from 
the  wastewater  flow  due  to  treatment  plan 

'  23.6  kg 

Removal  efficiency  of  a  treatment  plan 
including  granular  media  filtration  and 
granular  activated  carbon  adsorption 

91  % 

Estimated  annual  reduction  in  phenols  from 
the  wastewater  flow  due  to  treatment  plan 

28.3  kg 

Source:  Table  C-4, 


C.4    Abatement  Strategies 

The  annualized  total  cost  of  each  treatment  plan  is  used  to  determine  the  cost  of  each 
abatement  strategy.  The  annualized  total  cost  of  a  treatment  plan  equals  the  total  capital  cost 
of  a  treatment  plan  payed  over  30  years  at  an  interest  rate  of  10  per  cent  plus  the  annual 
operating  cost  of  a  treatment  plan  in  1989  dollars.   The  annualized  capital  cost  is  determined: 


Kx 


(1-r) 
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where,  K  =  total  capital  cost  of  the  treatment  plan, 

r  =  interest  rate,  10  %,  and 
t  =  life  of  the  technology,  30  years. 


For  example,  the  annualized  total  cost  of  treatment  plan,  granular  media  filtration  plus 
granular  activated  carbon  adsorption  for  a  plant  similar  to  Suncor  equals: 


Step 

Result 

Estimated  Total  Capital  Cost  of  Treatment 
Plan 

$21,095,831 

Annuahzed  Capital  Cost  of  a  Treatment 
Plan  over  30  Years,  Interest  Rate  =  10% 

$2,901,258 

Estimated  Annual  Operating  Cost  of 
Treatment  Plan 

$905,414 

Total  Annualized  Cost  of  Treatment  Plan 

$3,806,672 

Source:  Table  C-2  and  Table  A. 

The  abatement  scenario  analysis  provides  the  following  industrial  sector  results: 

•  Total  annualized  cost  of  the  strategy; 
Annual  operating  cost  of  the  strategy; 

•  Total  Capital  and  annuahzed  capital  cost  of  the  strategy; 
Annualized  cost  per  kilogram  of  contaminant  loading  removed. 
Present  Contaminant  loading; 

Reduction  in  contaminant  loading; 
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Per  cent  reduction  in  contaminant  loading; 

Amount  of  contaminant  loading  removed; 

Incremental  decrease  in  contaminant  loading  by  plant  and  treatment  plan; 

Incremental  increase  in   annualized  cost  by  plant  and  treatment  plan; 

Cumulative  decrease  in  contaminant  loading  by  plant  and  treatment  plan; 

Cumulative  increase  in  annualized  cost  by  plant  and  treatment  plan;  and 

C.4.1    Least  Cost  Strategy 

The  Least  Cost  strategy  is  the  estimation  of  the  lowest  cost  treatment  plan  for  a  specific  plant 
in  a  sector,  achieving  the  largest  possible  reduction  in  contaminant  loading.  In  the  model  this 
is  carried  out  through  a  series  of  steps  that  organize  and  son  the  data  based  on  the  annualized 
cost  per  kilogram  reduction  of  a  specified  contaminant.  Figure  C.4  presents  the  methodology 
for  determining  the  least  cost  treatment  plan  for  a  plant  and  the  least  cost  strategy  for  an 
industrial  sector. 

The  following  is  a  description  of  the  method  for  determining  the  least  cost  treatment  plan  for 

a  plant: 

•  The  total  annualized  cost  is  estimated  for  each  plant. 

•  The  cost  per  kilogram  of  contaminant  loading  reduced  is  estimated. 

•  Selection  of  least  cost  treatment  plans  for  a  plant.   All  treatment  plans  by  plant  that 
provide  a  lower  per  cent  loading  reduction  at  a  higher  cost,  based  on  cost  per 
kilogram,  are  eliminated  from  the  analysis.  These  treatment  options  are  not 
cost-effective  (a  larger  loading  reduction  can  be  obtained  at  a  lower  cost  per  kilogram 
from  an  alternative  treatment  plan). 
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Figure  C-4  Methodology  for  the  Least  Cost  Strategy 
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For  the  treatment  plan  options  chosen  for  a  plant,  the  incremental  reduction  in 
contaminant  loading  is  estimated.   This  ensures  that  technologies  included  in  more 
than  one  treatment  plan  deemed  cost-effective  for  a  wastestream  are  not  applied  twice. 
In  addition,  this  ensures  that  each  additional  treatment  plan  only  reduces  contaminant 
loadings  on  remaining  loadings.  E.g.,  If  Plan  A  reduces  loadings  by  5  Kg  and  Plan  B 
reduces  loadings  by  7  Kg,  then  the  actual  incremental  reduction  attributable  to  plan  B 
equals  2  Kg  (7-5). 

For  all  treatment  plan  options  chosen  for  a  plant  the  incremental  increase  in  Total 
Annualized  Costs  is  estimated.   This  ensures  that  technologies  included  in  more  than 
one  treatment  plan  deemed  cost-effecrive  for  a  wastestream  are  not  counted  twice. 
E.g.,  If  Plan  A  costs  $10  000  and  Plan  B  costs  $17  000  then  the  actual  incremental 
cost  attributable  to  plan  B  equals  $7  000  ($10  000  -  $17  000). 

Plants  are  sorted  from  lowest  to  highest  cost  per  kilogram  of  contaminant  loading 
removed  for  the  sector. 

Sector  incremental  and  cumulative  contaminant  loading  reduction  and  costs  arc 
estimated. 


C.4.2    Minimum  Technically  Achievable  Loading  Strategy 

The  Minimum  Technically  Achievable  Loading  strategy  is  the  estimation  of  the  treatment  plan 
which  results  in  the  lowest  contaminant  loading  possible  from  each  plant  of  a  specified 
contaminant  in  a  sector.  In  the  model  this  strategy  is  estimated  through  the  selection  of  a 
single  treatment  plan  for  each  plant  that  results  in  the  largest  per  cent  reduction  in 
contaminant  loading.   Data  are  sorted  by  per  cent  reduction  and  source.  The  methodology  of 
the  Minimum  Technically  Achievable  Loading  strategy  is  similar  the  Least  Cost  strategy.   The 
essential  difference  is  that  cost  is  not  a  determining  factor.   Figure  C.5  presents  the 
methodology  for  determining  the  minimum  technically  achievable  loading  treatment  plan  for 
each  plant  and  the  industrial  sector. 

The  following  steps  describe  the  method  used  for  the  determination  of  the   minimum 
Technically  Achievable  Loading  strategy. 
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Figure  C-5  Methodology  for  the  Mmimum  Technically 
Achievable  Loading  Strategy 
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•  The  total  annualized  cost  is  estimated  for  each  plant. 

•  The  cost  per  kilogram  of  contaminant  loading  reduced  is  estimated. 

•  The  data  set  is  soned  by  plant  and  per  cent  reduction  in  contaminant  loading  for  a 
treatment  plan.    The  treatment  plan  for  each  plant  that  provides  the  highest  per  cent 
loading  reduction  is  selected.   All  other  treatment  plans  are  dropped  from  the  analysis. 

•  Plants  are  sorted  from  lowest  to  highest  cost  per  kilogram  of  contaminant  loading 
removed  for  the  sector. 

•  Sector  incremental  and  cumulative  contaminant  loading  reduction  and  costs  arc 
estimated. 

C.4.3   Maximum  Allowable  Loading  Strategy 

The  Maximum  Allowable  Loading  strategy  specifies  a  maximum  permissable  loading  level  per 
plant  regardless  of  plant  size  for  specified  contaminants.  The  user  sets  the  allowable  loading 
limit  per  plant  for  the  sector  in  kilograms  of  contaminant  per  year.  The  treatment  plans  for 
each  plant,  which  can  achieve  the  allowable  loading  limit,  are  chosen  for  analysis  and  then 
sorted  to  choose  the  least  cost  treatment  plan  for  each  plant.   Figure  C.6  presents  the 
methodology  for  determining  the  maximum  loading  level  treatment  plan  for  each  plant  and 
the  industrial  sector. 

The  following  steps  describe  the  method  used  for  the  determination  of  the  Maximum 
Allowable  Loading  strategy. 

•  The  user  sets  the  maximum  allowable  loading  of  contaminant  per  plant  per  year  in 
kilograms  for  the  sector. 

•  The  total  annualized  cost  is  estimated  for  each  plant. 

•  The  total  annualized  cost  per  kilogram  of  contaminant  loading  reduced  is  estimated. 

•  If  a  plant's  present  annual  loading  of  the  contaminant  is  less  than  the  specified 
allowable  contaminant  loading  per  year  the  plant  is  dropped  from  further  analysis. 
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Figure  C-6  Methodology  for  the  Maximum  Allowable  Loading 
Strategy 
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For  the  remaining  plants  the  present  annual  contaminant  loading  per  plant  in  kg  minus 
the  estimated  reduction  in  annual  contaminant  loading  by  treatment  plan  and  plant  is 
calculated.  Treatment  plans  by  plant  which  achieve  the  annual  contaminant  loading 
objective  are  selected. 

Treatment  plans  for  a  plant  which  achieve  the  maximum  allowable  loading  objective 
are  sorted  by  total  annualized  cost  per  kilogram.  The  least  cost  treatment  plan  which 
achieves  the  contaminant  loading  objective  is  selected  for  the  plant. 

If,  none  of  treatment  plans  for  a  plant  achieve  the  maximum  allowable  loading 
objective  the  minimum  technically  achievable  loading  treatment  plan  for  the  plant  is 
selected  (e.g.  If  the  maximum  allowable  loading  objective  for  a  sector  is  10  kilograms 
per  year  of  a  contaminant  and  there  is  no  treatment  plan  for  a  plant  in  that  sector 
which  can  achieve  the  objective  the  largest  contaminant  loading  reduction  is  selected.). 

The  treatment  plan  selected  for  a  plant  which  achieves  the  maximum  allowable 
contaminant  loading  objective  at  least  cost  or  the  minimum  technically  achievable 
loading  are  soned  from  lowest  to  highest  cost  per  kilogram  of  contaminant  loading 
removed/  for  the  sector. 

Sector  incremental  cumulative  contaminant  loading  reduction  and  costs  are  estimated. 


C.4.4   Maximum  Allowable  Loading  per  Unit  of  Production  Strategy 

The  Maximum  Allowable  Loading  per  Unit  of  Production  strategy  estimates  the  cost  for  each 
plant  in  a  sector  to  achieve  a  specified  loading  target  per  unit  of  production.   The  user  sets 
the  allowable  loading  per  unit  of  production  for  the  sector  in  milhgrams  of  contaminant.   The 
least  cost  treatment  plan  is  chosen  for  each  plant.   This  strategy  is  similar  to  the  Maximum 
Allowable  Loading  strategy.   The  essential  difference  is  that  loadings  per  unit  of  production 
are  the  basis  for  determining  maximum  allowance.   The  model  is  designed  to  use  an  annual 
physical  unit  as  the  measure  of  production.   Figure  C.7  presents  the  methodology  for 
determining  the  appropriate  treatment  plan  for  achieving  the  maximum  allowable  loading  per 
unit  of  production  for  each  plant  and  the  industrial  sector. 

The  following  steps  describe  the  method  used  for  the  determination  of  the  Maximum 
Allowable  Loading  per  Unit  of  Production  strategy. 
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Figure  C-7    Methodology  for  the  Maximum  Allowable  Loading 
per  Unit  of  Production  Strategy 
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The  user  sets  the  maximum  allowable  loading  per  unit  of  production  of  contaminant  in 
milligrams  for  the  sector. 

The  total  annualized  cost  is  estimated  for  each  plant. 

The  total  annualized  cost  per  kilogram  of  contaminant  loading  reduced  is  estimated. 

Annual  contaminant  loading  is  calculated  in  milligrams  per  year  for  each  plant. 

Annual  reduction  in  contaminant  loading  is  calculated  in  milligrams  per  year  by 
treatment  plan  and  plant. 

Average  contaminant  loading  per  unit  of  production  is  estimated  in  milligrams  for  a 
plant  by  dividing  annual  contaminant  loading  in  milligrams  by  the  annual  production 
of  the  plant  (annual  production  in  physical  units,  i.e.,  tonnes  of  product  per  year). 

If  a  plant's  present  annual  loading  per  unit  of  production  is  less  than  the  specified 
allowable  contaminant  loading  per  unit  of  production  the  plant  is  dropped  from  further 
analysis. 

The  reduction  in  contaminant  loading  per  unit  of  production  by  treatment  plan  and 
plant  is  estimated  by  dividing  annual  reduction  in  contaminant  loading  in  milligrams 
by  treatment  plan  and  plant  by  the  annual  production  by  the  plant  (annual  production 
in  physical  units,  i.e.,  tonnes  of  product  per  year). 

For  the  remaining  plants  the  average  annual  contaminant  loading  per  unit  of 
production  minus  the  estimated  reduction  in  annual  contaminant  loading  per  unit  of 
production  by  treatment  plan  and  plant  is  calculated.   Treatment  plans  by  plant  which 
achieve  the  annual  contaminant  loading  per  unit  of  production  objective  are  selected. 

Treatment  plans  for  a  plant  which  achieve  the  maximum  allowable  loading  per  unit  of 
production  objective  are  sorted  by  total  annualized  cost  per  kilogram  of  contaminant 
loading.   The  least  cost  treatment  plan  which  achieves  the  contaminant  loading 
objective  per  unit  of  production  is  selected  for  each  plant. 

If,  none  of  the  treatment  plans  for  a  plant  achieve  the  maximum  allowable  loading  per 
unit  of  production  objective  the  minimum  technically  achievable  loading  treatment 
plan  for  the  plant  is  selected. 
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The  least  cost  treatment  plan  which  achieves  the  maximum  allowable  loading  per  unit 
of  production  objective  or  the  minimum  technically  allowable  loading  treatment  plan 
for  a  plant  is  selected.  The  annualized  cost  selected  represents  the  treatment  plan  that 
best  achieves  the  loading  per  unit  objective  or  the  greatest  reduction  in  loading. 

The  treamient  plan  selected  for  each  plant  that  achieves  the  maximum  allowable 
contaminant  loading  per  unit  of  production  objective  at  least  cost  or  the  minimum 
technically  achievable  loading  are  soned  from  lowest  to  highest  cost  per  kilogram  of 
contaminant  loading  removed  for  the  sector. 

Sector  incremental  cumulative  contaminant  loading  reduction  and  costs  arc  estimated. 
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Table  A 


Treatment  Plan  Cost  Calculation  Spreadsheet 
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Table  A 


Treatment  Plan  Cost  Calculation  Spreadsheet 


PLANT  MATRIX 

WASTE 

PLANT 

FLOW 

DAYS 

CODE 

SOURCE 

(M3A)AY)    RATION 

0 

1 

1                                           2 
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COST  MATRIX 



1080  DOLLARS  (CDN) 

WASTE 

TOTAL  ANNUAL 

SOURC 

■ŒCH 

FLOW 

TOTAL  CAPITAL 
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CODE                  SOURCE 
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